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ANALYSIS BY THE WEISZ “RING-OVEN” TECHNIQUE 


In this brief monograph we are stepping outside 
the-limits of the series to discuss an entirely new 
micsoanalytical technique which is not basically 
chromatographic. Unlike chromatography, the 
Weisz “Ring-Oven” method of estimating in- 
organic substances is independent of the rate at 
which ions migrate. On the other hand, the 
technique does involve the migration of ions in 
rathe: than across the plane of a filter paper: it 
thus compares closely with chromatography. 
The Apparatus — simple in design 

The Weisz “Ring-Oven” is an electrically 
heated hollow cylindrical aluminium block 
which supports the filter paper. The heat pre- 
cipitates in a narrow ring the ions extracted from 
a drop of the test solution. The paper recom- 
mended is a Double Acid-Washed Paper— 
Whatman No. 40 or $40—incorporating an 
absolute minimum of soluble inorganic material. 
The technique — speedy and precise 

It has been shown that as many as 14 ions from a 
single drop (1.5 21) of test solution placed in the 
centre of the filter paper can be resolved and 
identified in about 15 minutes. Only a few 
simple operations are required :—(i) gaseous H,S 
is drawn through the drop on the filter paper to 


precipitate certain of the ions as insoluble sulph- 
ides (ii) in the ““Ring-Oven” the spot is washed 
with solvent to extract soluble ions into a sharply 
defined ring zone (iii) after drying, the central 
spot is punched out, suitably treated to redissolve 
the precipitated ions and then transferred to the 
centres of first one, then another filter paper for 

further solvent extractions. To identify the ions 
the discs are cut into segments and treated with 
appropriate reagents to give characteristic 
coloured arcs. For some ions quantitativi 

methods are applicable. 

Wide scope for microanalysis 

The Weisz “Ring-Oven” Technique is being 
used for investigating the composition of cera- 
mics, bronzes and pigments from paints. It is 
also used for assaying precious metal specimens 
and determining trace metals in organic materials 
or in biological specimens. Although the tech- 
nique has mostly been applied to the analysis of 
inorganic substances in dilute solution, there 
seems no reason why, with judicious choice of 
solvents, reagents and filter papers, it could not 
be used for organic substances as well. It has also 
been adapted for the extraction of minute quan- 
tities of solid test material. 


For further information on the application of 
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9 BRIDEWELL PLACE LONDON EC4 


Sole Distributors of ie 


WHATMAN FILTER PAPERS 


(Manufacturers W. & R. Balston Ltd.) 


CURR. SCI., DECEMBER 1956 


| 

| 
| 
| 
| 

| 
Lea 

4 


CRAFTSMAN 


A SYMBOL OF QUALITY AND SERVICE 
LABORATORY AND PROCESS CONTROL EQUIPS 


CRAFTSMAN OFFER | 
® A COMPLETE RANGE OF PHOTOELECTRIC COLORIMETERS FOR CLINICAL, 
METALLURGICAL & BIOCHEMICAL COLORIMETRY 


® OVENS & INCUBATORS, LABORATORY FURNACES, LABORATORY PYROMETERS, 
THERMOSTATS, ETC., BUILT BY CRAFTSMAN 


@ BOMB COLORIMETERS, EQUIPMENT & APPARATUS FOR OIL & CEMENT LABO- 
RATORIES 


@ L. & N. POTENTIOMETERS & GALVANOMETERS 


© CAMBRIDGE PYROMETERS, pH METERS, SPOT GALVANOMETERS, D’ARSONVAL 
GALVANOMETERS, THERMOCOUPLES, POTENTIOMETERS, ETC. 


@ W. G. PYE’S POTENTIOMETERS, SCALAMP GALVANOMETERS, FLUX METERS, MICRO- 
SCOPES & KOHLRAUSCHES BRIDGE FOR CONDUCTIVITY MEASUREMENTS 


@ PHOTOVOLT pH METERS & COLORIMETERS 


All ex-stock — no waiting for import licences and supply delays 


ADDRESS YOUR INQUIRIES TO 


CRAFTSMAN ELECTRONIC CORPN. crivate) LTD. 


Laboratory, Factory & Office 
SETHNA HALL, NESBIT ROAD, MAZAGAON, BOMBAY 10 


ig 
. Phone : 42346 
CURR. SCI., DECEMBER 1956 


ANNUAL R 
MICROBIOLOGY 


Vol. 10 October 1956 


Factors Affecting Resistance to Infection, 5S. S. 
Elberg 


The Biology of the Cellular Slime Molds, , 4. 
Sussman 


Review of the Microbiological and Immunological 
Literature Published in 1955 in the U.S.S.R., 
P. Grabar 


Antimicrobial Chemotherapy, Z. /awets 


-EVIEW OF 
NUCLEAR SCIENCE 


Vol. 6 December 1956 
Time Variations of Primary Cosmic Rays, V. 
Sarabhai and N. W. Nerurkar 


Polarization of Fast Nucleons, JZ. Wolfenstein 


Excitation of Nuclei by Charged Particles. 4. P. 
Heydenburg and G. M. Temmer 


Isotope Shift in Atomic Spectra, /. F. Mack 


and H. Arroe 


Mutual Relationships in Fungi, /. 2. DeVay 
Nutrition of lacteria and Fungi, Z. D. Wright 


The Anaerobic Bacteria with Special Reference 
to the Genus Clostridium, L. S. McClung 


Nutrition of Protozoa, W. H. Johnson 


Antibodies as Indicators for Bacterial Surface 
Structures, /. omcsik 


Pox Viruses, A, W. Downie and K. R. 
Dumbell 


Cytology of Bacteria, G. Amaysi 


Metabolism of Carbohydrates and Related Com. 
pounds, D. /. O'Kane 


Protozoa and Alge, X. G. Grell 


Metabolism of Nitrogenous Compounds, C. &. 
Thorne 


Problems of Incubation in Plant Diseases, JZ. 
Kern 


Bats, and Their Relation to Rabies, /. B. 
Enright 


The Parasexual Cycle in Fungi, G. Pontecorvo 


Properties of Medium-Weight Nuclei, A. Way, 
D. N -Kundu, C. L. McGinnis and R. van 
Lieshout 


Generalized Acidity in Radiochemical Separations; 
Rk. dA. Horne, C. D. Coryell and LL. S. 
Goldring 


The Masses of Light Nuclides, /. Mattauch, L 
Waldmann, R. Bieri and F. Everling 


Nuclear Radiation Effects in Solids, 4. Brooks 


Applications of Oxygen Isotopes in Chemical 
Studies, A. Taube 


Recent Advances in Low Level Counting Tech- 
niques, £. C. Anderson and F. N. Hayes 


Nuclear Reactors for Electric Power Generation, 
L. Davidscn, W. A. Loeb and G. Young 


Cellular Radiobiology, Z. H. Gray 


Vertebrate Radiobiology: Embryology, /. 7. 
Brien 


Approx. 470 pages 


each $ 7.50 postpaid 


Annual ‘Reviews, Inc., Grant Ave., Palo Alto, Calif., U.S.A. 
Maruzen Company, Limited, 6 Tori-Nichome Nihonbashi, Tokyo, JAPAN 


ra» 


‘ 
ra 
| 
| 
| 
| 
| 
| 
| 
i 
426 Pages 
CURR. SCI.. DECEMBER 1956 


METALLURGICAL’ MICROSCOPE ‘EPITYP’ STANDARD VERTICAL CAMERA 9x12 |} 


| 
| 


BRIGHT—FIELD WORK 

MONOCULAR & BINOCULAR JOBSERVATION 

PLANE—FIELD ACHROMATS 

ATTACHABILITY OF PHOTO-MICROGRAPHICAL FOR USE WITH ANY MAKE OF 
EQUIPMENT “MF” AND OF TEST STRIP MICROSCOPE 
COMPARISON DEVICE 


VEB CARL ZEISS JENA 


Sole Agents in India 


GORDHANDAS DESAI & CO. 


PHEROZSHAH MEHTA ROAD 
BOMBAY 1 


Branches: 
22, Linghi Chetty Street, MADRAS 1 P-7 Mission Row Extension, CALCUTTA 1 


CURR. SCl.. DECEMBER 1986 


3] 
p 
| 
| 
bs 
| 
al | 
| 
h- 
n, 


Several 


important Laboratories, 1iz, Central Drug Research 
Central Sait Research Institute, Bhavnagar, Central Road Research Institute, Deihi, Indian 
Institute of Technology, Kharagpur, Anmedabad Medical College and Armed Forces Medical 
College, besides 2) units in Travancore-Cochia, 12 in Andhra, 6 in Madhya Pradesh 


R: SCl., DECEMBER 1956 


recently totalling about 32) installations all over Irdia. 


Institute, Lucknow, 


Also makers of superior laboratory fittings & equipment 


GANSONS (PRIVATE) LTD. 


Construciion: Double-walled mild sieel con- 
struclion with 2” gap between the walls filled 
with fibre glass. Outside finished in silver- 
grey hammered tone synthetic enamel and 
inside painied with heat-resisting aluminium 
paint. 

Size: (working space) 14" 14” x 14" 
Heating: Electrically operated on 230 V., 
50 cycle, A.C. 


Max'mom Temperature: 250°C. 


Temperature control: by means of a bimetallic 
thermostat. Variation noi more than -+ 1° C. 


P.B. No. 5576, BOMBAY 14 


Manufactured by: 


HOT AIR OVEN 


TEMPO INDUSTRIAL CORPORATION (PRIVATE) LTD. 
1st Floor, Devkaran Mansion, Princess Street, BOMBAY 2 


ia 
@ GAs PLANT 
FOR LABORATORY, INDUSTRY & KITCHEN 
= 
ok 
TEMPO LABORATORY EQUIPMENT al 
| 4. | The pe 
| J due to 
| The log: 
| a 
| | p 
| 
a BO. 
CUR JAP 
Wea 
MAKE 


EXPLORATION GEOPHYSICS 


BY 
J. J. JAKOSKY, Sc.D. 


2nd Edition 1195 pp. 707 Illustrations 
$ 12-50 Rs. 62/8/- 


A Basic Text-Book for every Geologist, 
Geophysicist, Engineer and Physicist con- 
cerned wiih exploration, well logging and 
production. lt is concisely and clearly 
wrilten by an internationally known Geo- 
physicist, in close collaboration with other 
leading authorities. It covers the entire 
field of exploration by modern geophysical 
methods. Thirteen fact-packed chapters fully 
cover all coniemporary methods plus permit 
trespass and insurance problems, This has 
been adopted by many |2ading Universilies. 


Sole Agents in India 


EASTERN BOOK MART (Private) LTD. 
9, SHYAMACHARAN DE STREET, CALCUTTA 12 


(TELEPHONE: 34-1000) 


YREX’ ‘Grip-Seal’ Joints 
— jmpliiy apparatus assembly 
. are 100 per cent efiective 


The perfect-fitting qualities of ‘Grip-Seal’ Joints are 
due to the unique ‘Pyrex’ method of manufacture, 
which ensures that every joint, both male and female, 
is ground and tested with micrometric precision. 


Further, ‘Grip-Seal’ design results in stronger joints, 
with sturdier walls, more robust beadings, and sensible 
parallel gripping surfaces. 

The logical result is, of course, that apparatus assembly 
is simplified, because every joint fits closely and 
sxcurely, while the clamps hold the apparatus in a 
firm, safe grip. 

Breakages in assembling and dismantling seldom 
occur, and expensive apparatus is thus safeguarded 
to give longer service. 


| RESISTANCE 
That's typically ‘Pyrex’ of course ... one hundred i} Alin BOX FE S 


per cent satisfaction. 


@ A special section of the ‘PYREX’ SINGLE AND MULTIPLE DIALS. 
catalogue deals with ‘Grip-Seal’ MINALPHA COILS 
apparatus. If you would like a copy, ACCURACY O11 PER CENT. 
please send your name, address and ‘ ELF-CLEANING CONTACTS OF 
position in firm or organisation. SPECIAL MATERIALS. 

> 4 PY 9 NEGLIGIBLE CONTACT RESISTANCE. 
EX RECO. TRADE R EX GRIP-SEAL Made by: 
—- THE BRITISH THE STANDARD SCIENTIFIC 
BORATORY GLASSWARE | INSTRUMENTS Co. 


JAMES A JOBLING & CO LTD 
Wear Glass Works Sunderland England 


Y MAKERS OF ‘PYREX' BRAND GLASS IN THE UNITED KINGDOM 


— H 
| 
1] 
| 
q ey 
| 
} i 
} 
| 
| : 
} 
| 
‘ 
| 
i] 
— 


ANDREAS HOFER, GERMANY 


CURR. 


HIGH PRESSURE EQUIPMENTS 


Like High Pressure Autoclaves of various designs, 
High Pressure Catalytic Apparatus, Air & Gas 
Liquefying Plants, High Pressure Gas or 
Liquid Compressors, Gas Circulating 
Pumps, Valves, Fittings, Etc. 


Air or Gas liquefying plant, 
stationary or transportable type, 
complete with high pressure 
compressor, air liquefier and 
glass or metallic Dewar storage 
vessels. The plants can be 
supplied for capacities of 1-25 
to 14 litres per hour. 


Sole Agents: 


TOSHNIWAL BROTHERS (PRIVATE) LIMITED 


198, Jamshedji Tata Road 
FORT, BOMBAY -1 


Branch: Branch: 
3/7, Mutiny Memorial Road 9, Blacker’s Road 
NEW DELHI 1 Mount Road 
MADRAS 2 


SCl., DECEMBER 1956 


4 
| 
| Vol. 
| 
| 
| 
aed | Quant 
Chron 
tabl 
= 
| | UNES 
Growt 
_ ~ 
a 
| 
a || LIQUID AIR PLANT 
| 
_ Teor 
Theor: 
thoug! 
enable 
nature 
* Pre 
Science: 


Vol. XXV] 


DECEMBER 1956 


[No. 12 


PAGE 
Quantum Theory and 


Sm C. V. RAMAN 377 
Chromosome Breakage Induced by Vege- 

table Oils and Edible Fats—M. S. 

SWAMINATHAN AND A. T. NATARAJAN .. 382 
UNESCO’S First Ten Years 384 
Growth of the Sand Bar North of the 

Godavari Confluence—C. MAHADEVAN 

AND R. PRASADA Rao .. 385 


. SANTHAPPA 387 

CHANDRASEKHARAN 388 
Catalogue of Nuclear Reactors 388 
Letters to the Editor 389 

Progress in Nuclear Energy—K. S. Sincw1 
AND L. S. KOTHARI .. 408 
Science Notes and News 409 


QUANTUM THEORY AND CRYSTAL PHYSICS* 


By 
Sm C. V. RAMAN 


1. INTRODUCTION 


HE physics of the twentieth century dif- 
fers fundamentally from the physics of 

the nineteenth mainly because of two 
theories known respectively as the Quantum 
Theory and the Theory of Relativity which 
form an integral part of its scheme of 
thought. It is these two theories that have 
enabled a far deeper understanding of the 
nature of the physical world to be attained 
than was possible, at the end of the last 
century. One must here acknowledge the 


* Presidential address to the.Indian Academy of 
Sciences, at Waltair, on the 26th December 1956. 


work of Albert Einstein who played the 
leading role in the development of both of 
these theories. His publications during the 
first two decades of the present century 
bear on every page the imprint of a power- 
ful and penetrating intellect. Even after 
this lapse of years, the physicist of today 
will find the study of those papers a profit- 
able and stimulating experience. Indeed, 
a good deal of what I have to say in this 
address only reflects the results of such a 
study in relation to the fundamental prob- 
lems of the crystalline state of matter—a 
subject which has deeply interested me for 
several years past. 
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2. ORIGIN OF THE QUANTUM THEORY 


The quantum theory arose from the 
attempt to explain the characters of the 
radiation which emerges from the window 
of an enclosed furnace heated to high tem- 
peratures. As is well known, the total in- 
tensity of such radiation increases rapidly 
with rise of temperature of the furnace. 
Simultaneously, there is a shift of the spec- 
tral maximum of intensity towards higher 
frequencies, as is indeed evident from the 
progressive change in colour of the radia- 
tion. Thermodynamic considerations indi- 
cate that this shift should occur in such a 
manner that the spectral frequency at the 
point of maximum intensity should be 
directly proportional to the absolute tem- 
perature of the furnace. Quantitative mea- 
surements confirm that this is the case and 
show that the changes in the intensity as 
well as in the spectral character of the 
rediation with rise of temperature agree with 
a formula for the spectral intensity in which 
the cube of the spectral frequency appears 
multiplied by an exponential function of a 
type made familiar by Boltzmann’s well- 
known principle. The argument of the 
exponential function is negative and has as 
its numerator the spectral frequency multi- 
plied by one universal constant and as its 
denominator the absolute temperature multi- 
plied by another universal constant. A small 
but important modification secures a much 
more satisfactory agreement between the 
formula and the facts of observation. In 
the modified expression, the exponential has 
the same argument with a positive sign and 
now appears in the denominator with unity 
subtracted from it. This is the celebrated 
Planck formula except for a multiplying 
numerical factor. 
3. EINSTEIN’s DERIVATION OF THE PLANCK 
FORMULA 

Einstein gave a physical interpretation of 
the Planck formula and also showed how 
the formula could be derived on the basis 
of simple physical considerations. He in- 
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terpreted the formula to mean that radia- 
tion of all frequencies is emitted and ab- 
sorbed by material bodies in discrete quanta 
of energy proportional to their respective 
frequencies. He also showed that the radia- 
tion formula follows very naturally if we 
assume that the energy of the material par- 
ticle which emits the radiation is itself quan- 
tised, in other words, its energy of vibra- 
tion alters by successive steps, each of which 
is equal to the quantum of radiation energy 
which is emitted in the process. 


A more complete and logically satisfying 
derivation of the Planck radiation formula 
was given by Einstein ten years later, viz, 
in 1917. In that paper, the notion of prob- 
ability which in the quantum theory re- 
places the determinism of the older physics 
finds a prominent place. Instead of assum- 
ing the radiator to be a harmonic oscillator 
as in his paper of 1907, Einstein dealt with 
the most general case of an oscillator which 
has a number of discrete energy levels. The 
probability of its being present in any one 
of them is expressed by the product of the 
inherent statistical weight characteristic of 
the level multiplied by the appropriate 
thermodynamic probability factor. The lat- 
ter takes the form of an exponential fune- 


‘tion with a negative argument equal to the 


energy of the state divided by the product 
of the absolute temperature and the Boltz- 
mann constant. Einstein then considers the 
probability of three different kinds of ele- 
mentary processes occurring in any given 
small time interval. The first is a sponta- 
neous transition from the higher to a lower 
state of energy with emission of radiation 
as contemplated in Bohr’s theory of spec- 
tra; the second is a transition of the same 
nature but now induced by the presence of 
an external radiation field; the third is @ 
transition from the lower to the higher 
energy state also induced by the external 
field. The probabilities of the two latter 
transitions are taken as proportional to the 
energy density in the surrounding radiation 
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field. A transfer of energy from the oscil- 
lator to the field and an absorption of energy 
from the field by the oscillator are involved 
respectively in the two processes. In a 
steady state of affairs, the probabilities of 
transition in the two opposite directions 
must necessarily balance each other. These 
considerations lead at once to the Planck 
radiation formula. 


4. THE CRYSTAL AS AN ASSEMBLY OF 
OSCILLATORS 

The foregoing exposition of Einstein’s 
original ideas is intended to furnish a 
theoretical background for a consideration 
of the fundamental properties of the solid 
state which is the subject of the present 
address. Elementary processes’ closely 
analogous to those contemplated in Einstein’s 
paper of 1917 successfully describe the 
phenomena actually observed when a beam 
of monochromatic light traverses a crystal 
and the light diffused in its interior is exa- 
mined spectroscopically. We observe in 
the spectrum of the scattered light sharply 
defined lines with frequencies both higher 
and lower than that of the incident radia- 
tion. The ratio of the intensities of each 
such pair of lines having equal spectral dis- 
placements in opposite directions is found 
to be expressed correctly by a Boltzmann 
factor corresponding to the change of fre- 
quency multiplied by Planck’s constant, this 
again being multiplied by the fourth power 
of the ratio of the two spectral frequen- 
cies. These facts indicate that the displaced 
frequencies arise from transitions from a 
higher to a lower energy state and vice versa 
induced in the elementary oscillators com- 
prised in the crystal by the incident radia- 
tion. We are thus naturally led to regard 
the crystal as an assembly of a great num- 
ber of oscillators which form a system in 
thermodynamic equilibrium. The thermal 
energy of the crystal may then be equated 
to the sum of the thermal energies of all 
the oscillators of the different sorts of which 


it is composed. 
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It is evident from what has just been 
stated that the specific heats of crystals stand 
in the closest relation to their spectroscopic 
properties. The first step in the theoretical 
evaluation of the thermal energy of the 
crystal is accordingly to identify and enu- 
merate the oscillators of which it is com- 
posed and to discover and specify the energy 
states which they can occupy. 

5. THE OSCILLATORS AND THEIR ENERGY 

LEVELS 

To begin with, we may provisionally 
identify the oscillators with whose behav- 
iour we are concerned with the groups of 
atoms present in the unit cells of the crys- 
tal structure. To discover the energy levels 
which these oscillators can occupy, we may, 
at least in regard to the infra-red or vibra- 
tional levels, adopt the same procedure as 
that which has proved itself abundantly 
successful in the field of molecular spectro- 
scopy. As is well known, that procedure 
consists in determining and enumerating the 
different possible modes of vibration in each 
one of which the atoms all vibrate with the 
same frequency and in the same or opposite 
phases. 

In endeavouring to carry through the 
procedure indicated above, the difficulty 
immediately presents itself that the group 
of atoms present in any one unit cell of the 
crystal structure is not isolated but forms 
a connected system with the groups of 
atoms in the surrounding cells and these 
latter again are connected with groups of 
atoms further out and so forth. The mathe- 
matical and physical difficulties which pre- 
sent themselves by virtue of these inter- 
connections disappear when we make use 
of the fundamental property of crystal struc- 
ture, viz., that it comes into coincidence with 
itself following a unit translation along any 
one of its three axes. Hence any normal 
mode of vibration should also possess the 
same property viz. it remains a normal mode 
following a unit translation of the crystal. 
This requirement immediately enables us to 
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determine and enumerate the normal modes 
in the most general case of a crystal con- 
sisting of several interpenetrating Bravais 
lattices of equivalent atoms. It emerges 
that the normal modes are divisible into two 
classes ; in the first class, the amplitudes as 
well as the phases of oscillation of equi- 
valent atoms in adjoining cells of the lattice 
structure are identical, while in the second 
class of normal modes the amplitudes of equi- 
valent atoms are the same but the phases 
are reversed along one or two or all three 
of the axes of the lattice. If the crystal con- 
sists of p interpenetrating Bravais lattices, 
there are (3p—3) normal modes of the 
first class and 21p modes of the second 
class. 

Thus the result emerges that the vibra- 
tional energy levels of a crystal form a 
sharply defined set in much the same man- 
ner as the vibrational energy levels in the 
spectra of molecules. But this result would 
necessarily be modified when the effects of 
anharmonicity and the interactions of the 
different normal modes with each other are 
taken into consideration. 


6. THE SPECTROSCOPIC BEHAVIOUR OF 
CRYSTALS 


The theoretical results stated above are 
in complete agreement with the actual spec- 
troscopic behaviour of crystals in the infra- 
red region of frequencies as revealed by 
diverse techniques of observation in appro- 
priate physical conditions. For example, 
they furnish an immediate explanation of 
the spectroscopic effects exhibited by crys- 
tals in the scattering of monochromatic 
light as mentioned earlier. In some cases 
the energy levels are shown by the spec- 
tral shifts to exhibit a lack of sharpness. 
That this arises from the disturbing effects 
of anharmonicity is demonstrated by cool- 
ing down the crystal to liquid-air tempera- 
ture. The energy levels then become per- 
fectly sharp, as is to be expected. We need 
not dilate here upon the different techniques 
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of spectroscopic observation which are avail- 
able only in particular cases. Mention 
should be made, however, of the very gene- 
ral method of observing the energy levels 
in crystals by the techniques of infra-red 
absorption. These latter have been greatly 
improved of recent years and the results 
obtained with such improved techniques 
completely confirm the theoretical findings 
stated above. 

A feature of special interest to which re- 
ference may be made here is in respect of 
the possibility of observing the 21p nor- 
mal modes of the second class in which the 
phases of oscillation are opposed in adjoin- 
ing cells of the crystal structure. It is to 
be expected that by reason of such opposi- 
tion of phase these modes would be pre- 
cluded from observation by any of the avail- 
able methods of spectroscopic study. For- 
tunately, however, and for reasons which | 
shall not here dilate upon, this is not in- 
variably so. The normal modes of the 
second class are actually accessible to ob- 
servation in several cases and they then 
manifest themselves as discrete and sharply 
defined lines in the spectra, provided the 
effects of anharmonicity are either absent 
or else are suppressed by the use of ade- 
quately low temperatures. Their appear- 
ance is one of the most striking vindications 
of the correctness of the present theoretical 
approach. 


7. Tue Speciric HEATS OF CRYSTALS 


Regarding a crystal as an assembly of an 
immense number of oscillators in thermo- 
dynamic equilibrium, the evaluation of its 
thermal energy as a function of the tempe- 
rature reduces itself to the problem of clas- 
sifying and enumerating the different sorts 
of oscillators comprised in it and determin- 
ing the scheme of energy levels for the oscil- 
lators of each sort. An application of Boltz- 
mann’s principle then enables us to evaluate 
the average energy of an oscillator of that 
sort, and multiplying it by the number @ 
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such oscillators we obtain a sum total; the 
addition of the sums thus found for the 
different sets of oscillators gives the total 
thermal energy of the crystal. By differ- 
entiating this total with respect to the tem- 
perature, we obtain the specific heat of the 


crystal. 

As already stated, we have (3 p— 3) nor- 
mal modes of vibration of the first kind and 
21 p normal modes of the second kind. Thus, 
we have (24p—3) modes and frequencies 
in all and these have equal statistical weight. 
They may be regarded as the internal modes 
of vibration of the 8p atoms contained in 
a volume element of the crystal whose 
dimensions are twice as large in each direc- 
tion as the unit cell of the crystal structure. 
The three omitted degrees of freedom repre- 
sent the translatory movements of these 
groups of 8p atoms each. If we leave the 
latter aside for a moment and also neglect 
the effects of anharmonicity, the specific 
heat of a crystal may be expressed very 
simply as the sum of (24p—3) Einstein 
functions, each involving its own character- 
istic frequency ; the total number of oscilla- 
tors which contribute is the number of groups 
of 8p atoms each comprised in the crystal. 
To this sum must be added the contribution 
to the specific heat arising from the oscilla- 
tions inside the crystal which are attribut- 
able to the translatory movements of these 
groups of 8p atoms each. In a paper which 
has appeared in the October issue of the 
Proceedings of the Academy, it has been 
shown how the latter contribution may be 
rigorously evaluated. The argument by 
which this is effected may be very simply 
stated. The translatory movements of the 
groups of 8p atoms each give rise to oscil- 
latory movements in volume elements which 
comprise a still larger number of atoms. By 
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taking a succession of volume elements of 
different sizes and taking note of the cir- 
cumstance that the lower limit of frequen- 
cies of vibration thus arising would diminish 
in proportion to the increasing dimensions 
of the volume element, the spectral distri- 
bution of frequencies follows immediately. 
Their contribution to the thermal energy of 
the crystal is found to be expressible as an 
integral having a well-known form involv- 
ing Einstein’s expression for the average 
thermal energy of a harmonic oscillator. 

It may be mentioned in conclusion that 
the method sketched above has been suc- 
cessfully applied to the evaluation of the 
specific heats of crystals—including espe- 
cially diamond and the metallic elements— 
down to the very lowest temperatures 
approaching absolute zero. The theory 
emerges triumphantly from the test. 


8. SUMMARY 


The fundamental notions of quantum 
theory and thermodynamics indicate that a 
crystal should be regarded as an assembly 
of an immense number of oscillators whose 
energy states are quantised and which form 
a system in thermodynamic equilibrium. 
They also indicate that the spectroscopic 
properties and the thermal behaviour of 
crystals stand in the closest relation to each 
other. We are thus left with the problem 
of discovering and enumerating the oscilla- 
tors of the different sorts comprised in the 
crystal and of determining their scheme of 
energy levels. This may be done by methods 
analogous to those which have proved suc- 
cessful in the field of molecular spectro- 
scopy. The results obtained are in perfect 
agreement with the observed spectroscopic 
properties and thermal behaviour of crystals. 
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URING the course of mutation research in 


progress at the Indian Agricultural 
Research Institute, the earlier findings of 
Gustafsson! and other workers that there are 


marked differences in sensitivity to radiation 
among different crop plants was confirmed.? It 
was found that some oilseed plants like linseed 
are much less sensitive to radiation with 
X-rays and j-particles from 32P and *§ than 
cereals like wheat and paddy. It was consider- 
ed likely that the presence of oil in seeds 
might have a buffering effect on radiation, and 
in an experiment designed to elicit information 
on this problem, seeds of several plants were 
first soaked in some vegetable oils and edible 
fats and later subjected to irradiation. In this 
experiment, controls with no treatment and 
with seeds soaked in oils for various durations 
but not subsequently irradiated were kept. 
Observations on preparations of root tip mito- 
sis made from this material showed that immer- 
sion in the oils alone caused chromosome 


Fics. 1-3. Mitosis in 7. momococcum 
hours showing extreme chromosome fragmentation. 
bridge and a point error configuration. 


root tips treated with oils, Fig. 1. 
Fig. 2. Anaphase in mustard oil treated cell with one diceatric 
Fig. 3. Castor oil treatmeat for two hours showing 12 chromosomes and 


CHROMOSOME BREAKAGE INDUCED BY VEGETABLE OILS 
AND EDIBLE FATS 


M. S. SWAMINATHAN anp A. T. NATARAJAN 
Indian Agricultural Research Institute, New Delhi 


breakage in many cells. A summary of the 
results is presented is this paper. : 
Dry seeds of Triticum monococcum, T. di- 
coccum, T. aestivum, Oryza sativa and Vicia 
faba were soaked for different durations ex- 
tending from 6 minutes to 6 hours in the fol- 
lowing oils and fats (the pure oils had been 
extracted at the Division of Chemistry of this 


Institute): mustard oil from Brassica com- 
pestris var. toria, groundnut oil, castor oil, 
gingelly oil, coconut oil, linseed oil, hydro- 


genated groundnut oil and ghee. After being 
soaked in oil, the seeds were thoroughly wiped 
with cloth and sown in petri-dishes over moist 
filter-paper. Soaking for two or more hours in 
linseed oil and groundnut oil completely in- 
hibited the germination of seeds. Germination 
was reduced to varying extents in the other 
treatments. Root tips were fixed 24, 48 and 
96 hours after germination in a mixture of 
3 parts of alcohol and 1 part of acetic acid 
for a day and later stained with leuco-basic 


Mustard oil treatment for 2 


4 fragments (arrows). Note that the treatment leads to the contraction of chromosomes, thas facilitating their spread. 
(Figs. l and 3, x 900; Fig. 2, x 1800.) 
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fuchsin and squashed. Preparations were also The standard Allium test of Levan® was per- 
made from control seeds sown either dry or formed using mustard and gingelly oils and it 
after soaking in water for 2 to 6 hours. was found that mustard oil treatment for half 

Cell division was normal in the root tips of to one hour caused the formation of tumours 
control seeds. Analysis of metaphase and ana- in Allium root tips and also induced chromo- 
phase plates in preparations made from treated some breakage. The recovery of the cells from 

the root tips showed several aberrations like the effects of the treatment was, however, rapid 
chromosome and chromatid breakages, minute and meristems developed subsequently to the 
die fragments, dicentric bridges and acentric frag- treatment hardly showed aberrant cells. In 

Vicia ments and ‘error’ bridges probably arising from comparison with mustard oil, gingelly oil had 

a subchromatid breakages* (Figs. 1 to 3). Treat- no adverse effects on Allium root tip cells. 

fol. | ment with the oils, especially castor oil, led The data obtained from T. monococcum seeds 

bea to the contraction of chromosomes thereby treated with the different oils and fats are sum- 
this facilitating their clear spread in squash pre- marised in Table I. It will be seen from this 
coull parations.4 No stickiness among the chromo- table that groundnut and mustard oils produce 

oll, somes was caused by the treatment. In seve- the largest and gingelly oil and ghee the low- 

ard ral cells, the two chromatids of a chromosome est number of aberrant cells. Such diverse 
sia were asymmetrically broken, thus indicating action probably arises from the differences in 
vipel that they were separately and independently the fatty acid components of these oils, since 
meill affected. There was also practically no reunion we found that very few cells are affected when 
so among the chromosome fragments. These seeds are treated with glycerol. Auerbach* 

— observations would indicate that breakage reported that the essential oil of mustard 

ation occurs near to the time of chromosome re- (allyl-iso-thiocyanate) had mutagenic proper- 

oleae duplication and also is spread over a period ties but she was doubtful whether it produced 

a of time. There were some tetraploid cells in chromosome aberrations. It was subsequently 

a the treated root tips, which appeared to have shown by D’Amato and Avanzi? that allyl-iso- 

acid arisen by failure of cytokinesis, since there was _ thiocyanate is not capable of producing chromo- 
basie | °° evidence of interference with anaphase move- some breakage. It is reported from studies in 


ment. Binucleate cells were present lending 
support to the view that cell division was dis- 
turbed. Some binucleate cells showed non- 
synchronised mitosis, one nucleus being at the 
resting stage and the other at prophase or 
metaphase. 


Drosophila that gingelly oil® and groundnut 
oil® have no mutagenic properties. We ar® sow 
engaged in studying the number of division 
cycles over which the aberrations are carried 
forward and the cytological effects of the frac- 
tionated components of different fats and oils 


TaBLe I 
Chromosome breakage induced in Triticum monococcum 


Metaphase Anaphase 
Duration Percentage Cells with 
Treatment of of ger- No. of No. of Ran aberrations 
oe " 2 ge of No. of No. of 
treatment mination celis _—cells with breaks cells cells with (Per cent.) 


studied aberrations per cell studied aberrations 


Water 2 hrs. 100 Numerous nil oe 
Mustard oil -. 6 mts. 70 267 29 1-18 115 12 10-7 
hrs 40 213 52 1-21 141 20 20-3 
ne 6 hrs. 20 486 102 1-24 245 49 22-6 
Groundnut oi! 1 br. 20 149 1-28 61 6 24-8 
Castor oil so 'Cbra 40 97 15 1-16 24 4 16-5 
Linseed oil -o Lhe. 20 75 13 1-7 61 4 12-5 
Hydrogenated ground- 2 brs 20 60 10 1-21 53 3 11-8 
for 2 nut oil 
atric Coconut oil 2 brs. 80 205 29 1-38 294 27 9-2 
and Singelly oil 2 brs. 50 123 3 1-2 137 1-9 
> ne : 6 hrs. 20 182 16 1-28 168 3 5-4 
pram Ff Ghee 2 hrs. 80 107 7 15 109 3 4-7 


| 
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The results will help to find out whether oils 
like those of mustard, groundnut and castor 
can be used for inducing mutations in plants 
and to isolate the component of the oil which 
causes the chromosome breakage. Since the 
mustard oil group consists of several types with 
varying pungency, the action of each of them 
is being separately estimated. 

The results presented in this paper are of 
great interest in view of the relationship bet- 
ween mutagenicity and carcinogenecity. The 
discovery of the mutagenic effect of ionizing 
radiation, an agent already known to be carcino- 
genic, provided the first evidence in support of 
the somatic mutation hypothesis of malignan- 
cies. Muller™ has pointed out that a compa- 
rative survey of the results not only with radia- 
tions of different types but also with chemi. 1 
mutagens suggests the view that the effects vi 
these agents on genes and chromosomes forms 
the basis of their effects in producing malig- 
nancies. The role of nutrition with reference 
to ‘the incidence of cancer is now widely real- 
ised and there are indications that a search 
for carcinogenic compounds in human dietary 
regimens might be worthwhile. Many fats and 
oils are known to be capable of promoting and 
inducing the formation of skin and mammary 
tumours in rats. Differences in the action of 
the different oils have also been observed. 
Thus, increasing the corn oil content from 5% 
to 20% of the diet strikingly enhanced tumour 
formation in rats but replacing the 5% corn 
cil with 20% partially hydrogenated cotton 
seed oil or 20% lard produced no appreciable 
augmentation.!1 Such differential action of dif- 
ferent fats has not yet been explained in terms 
of their chemical, physical or biological pro- 


UNESCO's First Ten Years 


Scieng 
‘perties. Whether there are differences in the 
action of these oils on the nucleus, similar t 
the observations recorded by us, remains to be 
ascertained. 

The present study has been carried out only 
in plant meristems, and it is not known whe. 
ther comparable effects will be produced in 
dividing animal tissu2s. There is, however, 
evidence that the action of chemical mutagen; 
such as nitrogen mustard, like that of radia. 
tion, is general and organisms of various kinds 
like bacteria, fungi, higher plants and mam- 
mals are equally affecied.1° In view of the 
fact that some of the oils and fats mentioned 
in this paper are widely used as cooking media 
in tropical countries, the present data deserve 
the attention of medical and cancer research 
workers. 

We are indebted to Dr. B. P. Pal and Dr. S. M 
Sikka for their interest in the study and 
encouragement. 
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UNESCO’S FIRST TEN YEARS : 
N account of UNESCO’s achievements over methods of improving life in rural areas. These 


the first decade of its existence is given in 
an -illustrated booklet published by the Organ- 
isation under the title, “Ten Years of Service 
to Peace”. It assesses the contribution made in 
various branches of education, the sciences and 
the arts towards better understanding between 
nations. 

This contribution is translated into a wealth 
of facts and figures. For instance, on UNESCO’s 
initiative, more than 10,000 libraries in over 100 
countries and territories are now exchanging 
publications. International fundamental educa- 
tion centres set up by UNESCO in Patzcuaro 
(Mexico) and Sirs-el-Layyan (Egypt) have 
already trained more than 300 teachers in 


teachers are now passing on their knowledge 

-to others in remote parts of their countries in 
Latin America and the Middle East. More than 
3,000 workers representing almost every trade 
have, through the Exchange of Persons pro- 
gramme, had an opportunity of visiting their 
counterparts in other lands. Through UNESCO's 
share in the United Nations Technical Assist- 
ance Programme, over 450 fellowships have 
been awarded to young mien and women from 
less developed regions to train as engineers and 
scientists. The booklet provides many other 
examples of what UNESCO is doing to assist 
countries in solving their educational, scientific 
and cultural problems. 


Curren: 
ig att 
cir 
as 
ex! 
nol 
tov 
fac 
san 
eas 
wai 
cut 
ae is | 
nor 
sou 
mo! 
as 
P 
tha 
offs 
am] 
whe 
are 
mic 
min 
fels; 
liev 
in 
are 
3 that 
oper 
pose 
of t 
of s 
expr 
spit, 
Poin 


No, 12 
Dec. 1956 


iy FOND AND PRASADA RAO! in their 
detailed paper on the erosion at Uppada 
attributed the erosion to the alteration of the 
circulation pattern in the Kakinada Bay as well 
as near Uppada caused by the growth of the 
Godavari Point. The sand bar which was non- 
existent a hundred years ago has grown first 
northwards of the Godavari confluence, and later 
towards north-west. It is interesting to study the 
factors responsible for the development of the 
sand spit. Most of the river mouths on the 
east coast of India are characterised by the 
existence of sand bars extending usually north- 
wards. A person flying from Madras to Cal- 
cutta may notice several such sand spits. This 
is believed to be due to the presence of strong 
northerly currents, coastal and longshore. The 
southerly currents caused by the north-east 
monsoon are too weak to build sand spits in 
a southerly direction at the confluences. 

Poornachandra Rao and Mahadevan? found 
that between Godavari Delta and Waltair, the 
offshore sediments contained green pyroxene, 
amphibole and plagioclase in small amounts 
when compared with garnet and zircon which 
are present in appreciable amounts. Colourless 
mica and kyanite also appeared. The detrital 
mineral assemblages vary in their proportion of 
quartz, felspar, sillimanite, zircon, garnet, mona- 
zite, bluish green amphibole and plagioclase 
felspar. This mineral association is character- 
istic of the rock types occurring in the drainage 
basin of the Godavari River. Hence it is be- 
lieved that most of the sediment in this region 
is brought by the river. 

All the earlier surveys made in the area were 
consulted, for a detailed analysis of the changes 
in the region of the Godavari River distribu- 
taries. Some of the charts are reproduced and 
are shown in Plates I, II and III. Plate I shows 
that Godavari Point was not existing in the 
year 1851. The present Kakinada Bay was 
mostly dry during the low waters. The Goda- 
vari River discharged its water through an 
opening towards east. A small sand bar ex- 
posed only at low tides was present. The shape 
of this shows an unmistakable northerly drift 
of sand at that time. By 1864 the ‘sand bar’ 
exposed at low tides became a full-fledged sand 
Spit, resulting in the birth of the Godavari 
Point. The river was discharging its waters 
mainly northwards, although a small opening 
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GROWTH OF THE SAND BAR NORTH OF THE GODAVARI CONFLUENCE. 
C. MAHADEVAN anv R. PRASADA RAO 
Dept. of Geology, Andhra University, Waltair 


sign 6.4 


PLATE I. Admiralty Chart of the survey made in 1351, 
in the region of Godavari Distributaries and Coringah 
(Kakinada) Bay. 
eastward was present at the time. During this 
period, the Hope Island took its present shape. 
A bay off Kakinada Town was formed which 
was previously known as Coringah Bay and 
now called Kakinada Bay. The bay appeared 
to have become deeper, the low mud flats were 
cut probably by the Godavari discharge. 

The Godavari Point grew northwards by 
1878 and the river was discharging its waters 
into the Kakinada Bay instead of directly into 
the sea, since the eastern channel has been 
completely silted up. The Sacramento Shoals 
(10 miles south of Kakinada) were slowly 
appearing by that time. A process of siltation 
was taking place north of Kakinada groyne. 
The subsequent charts upto 1893 show a still 
further development of Godavari Point north- 
wards, the formation of Sacramento Shoals; 
and the accretion of sand north of the Kaki- 
nada groyne. The Godavari Point finally grew 
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PLATE II. Chart of the survey made in 1893. 


towards north-west as the chart of 1929 
(Plate III) and the subsequent ones reveal. 
The birth and further development of the 
Godavari Point must have been due to a dis- 
turbance of equilibrium caused either on the 
shore itself or in the river basin. About half 
a century back, the. Madras harbour was con- 
structed. But the structure is too far away 
(about 300 miles) southwards from the Goda- 
Vari confluence to have any influence over it. 
The construction of a breakwater at Visakha- 
patnam about 25 years back too could not have 
any effect: at the river mouth, firstly since the 
southerly currents.are too weak and secondly 
the shore structure is a hundred miles north- 
east of the area under investigation. Obviously 
no- structure built on the coast near about a 
few hundred miles to the locality had resulted 
in any disturbance of the equilibrium. Hence 
changes in the environment in the Godavari 
Basin itself have to be sought for explaining 
the. development of the sand spit. At Madras, 
ay million tons--of -passes a given point 
tity of sand is found, te migrate at Visakha- 
patnam ‘tog. -This shows that if a sand spit 


PLATE III. Chart of the survey made in 1929, 
were to be built, a surplus sediment exceed- 
ing the normal limits ought to be supplied to 
the coast by the river. 

A dam constructed a century back at Dow- 
laishwaram on the river actually ought to have 
reduced the supply of sediment towards sea. 
At California, the construction of a number of 
dams for flood control across the rivers re- 
sulted in an inhibition of the supply of sedi- 
ment to the sea, as a consequence of which 
the beaches became narrower.* At any rate 
the birth of the Godavari Point a hundred 
years ago can be ascribed to a surplus sedi- 
ment made available during a flood time prob- 
ably owing to heavy rainfall: The growth of 
the Point later, however, cannot be attributed 
entirely to repeated floods. The extensive de- 
forestation that has been carried out during 
the last hundred years and more particularly 
from the beginning of the century resulted in 
an increase of soil erosion in the river basin 
and a net rise in the rate of transport of sedi- 
ment to the sea. The excessive supply of sedi- 
ment resulted in the overloading of the littoral 
drift which already was. of the order of a mil- 
lion: tons. This surplus sediment was forcibly 
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deposited north of the river mouth, since the 
currents are not capable enough to carry it 
farther up, thus affecting the rapid growth of 
the sand spit which culminates in the Goda- 
vari Point. 

The financial assistance of the Council of 
Scientific and Industrial Research is thankfully 


acknowledged. 
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NOBEL AWARD FOR CHEMISTRY—1956 


HE Nobel Prize for Chemistry for 1956 has 
been awarded jointly to Sir Cyril Hinshel- 
wood, President of the Royal Society, and 
Dr. Lee’s Professor of Chemistry in the Uni- 
versity of Oxford, and Professor Nikolas 
Semenov, Director of the Institute of Chemical 
Physics of the Soviet Academy of Sciences. 
The prize was awarded for their researches on 
the mechanism of chemical reactions. 

Sir Cyril Hinshelwood has done pioneering 
work in the modern approach to chemical kine- 
tics based on statistical mechanics and theory 
of absolute reaction rates—the study of rates 
at which chemical reactions proceed. The con- 
cept of molecules breaking into atoms which 
take part in successive reactions is largely due 
to Hinshelwood, and by this concept it is pos- 
sible to explain the kinetics of many chemical 
reactions which otherwise would be incompre- 
hensible. To cite a very simple example, 
Hinshelwood in his Bakerian lecture (1946) 
propounded the thesis that the reaction bet- 
ween hydrogen and oxygen molecules involve 
elementary steps with hydrogen atoms, and 
hydroxyl and perhydroxyl radicals as inter- 
mediates. Much of this work has become im- 
portant not only in the rapid advances 
in the free radical and theoretical che- 
mistry but also in its bearing on chemi- 
cal industries. Hinshelwood has also exerted 
an enormous influence on chemical teaching as 
well as research in the Universities in his own 
country as well as outside through his profound 
writings such as “Kinetics of Chemical Change”, 
“Structure of Physical Chemistry”, etc. In 
recent years he has applied the methods of 
chemical kinetics to the metabolism of the bac- 
terial cell and provided possible explanations 
of apparent adaptations. 


Sir Cyril Hinshelwood has been a recipient 
of many honours from Chemical Societies in 


' Europe as well as America and has been a 


member of the advisory council on scientific 
policy since 1953 in his own country. He is 59, 
unmarried and had his education in West- 
minister City School and Balliol College, 


’ Oxford. He was elected Fellow of the Royal 
“Society in 1929 when he was thirty-two. 


Professor N. Semenov, an outstanding figure 
among Soviet physicists and physical chemists, 
is famous for his investigations on the speeds 
of chemical reactions, chain and non-chain re- 
actions, branching reactions, gas combustion, 
etc. The discovery of branched chemical chain 
reactions has helped a great deal in the deve- 
lopment of a rational theory of the nature and 
mechanism of many complicated chain reactions 
involving hydrocarbons, oxygen, halogens, etc. 
Semenov’s monumental work on “Chemical Kine- 
tics and Chain Reactions” reveals not only the 
erudition of a scholar but the clarity and lucid- 
ity of exposition of a master, and this book 
has formed the basis of numerous investiga- 
tions in oxidation, combustion, polymerization, 
etc. Professor Semenov has been the Head of 
the Institute of Chemical Physics of the 
US.S.R. Academy of Sciences for over a quar- 
ter of century. 

That the Nobel Prize in Chemistry for 1956 


‘has been awarded jointly to Hinshelwood and 


Semenov immediately after the award in 1954 
to Staudinger implies a tribute not only to the 
brilliant achievements of the recipients but also 
no less to the kinetics of chemical reactions and 
the importance of chain reactions, both in the 
pure and applied fields. 

M. SANTAPPA. 
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NOBEL AWARD FOR PHYSICS—1956 


HIS year’s Nobel Prize for Physics has been 
awarded jointly to Drs. William Shockley, 
John Bardeen and Walter Brattain, members 
of the research staff of the Bell Telephone 
Laboratories, U.S.A., for their outstanding work 
on the electron physics of solids, especially 
semi-conductors, culminating in the recent 
development of the transistor, which is finding 
increasing application in electronics and com- 
munications. 

Dr. Shockley, who is Director of Physics 
and Transistor Research in Bell Telephones, 
has made important contributions to our under- 
standing of dislocations in relation to the plas- 
tic properties of metals, and has been respon- 
sible for the discovery of the transition to 
metallic characteristics in silicon and germa- 
nium on the addition of foreign atoms. He 
carried out several military assignments 
as expert consultant during the Second 
World War, and is the author of the 
book, “Electrons and Holes in Semiconduc- 
tors”. He was awarded the Leibmann Prize 
(1952), Buckley Prize (1953) and Comstock 
Prize (1954), in recognition of his distinguished 
work. 

Dr. Bardeen has worked on the problem of 
diffusion in alloys, besides his collaboration in 
the development of the transistor. Before join- 
ing the Bell Telephone Laboratories in 1945, 
he was for some time a geophysicist in the 
Gulf Research and Development Corporation 
and served also in the U.S. Naval Ordnance 
Laboratory, Washington. Since 1951, he is pro- 
fessor of electronic engineering and physics, 
Illinois. 

Dr. Brattain has studied the effects of charged 
particles on semiconducting materials in addi- 
tion to the teamwork on transistor action. He 
was awarded the Ballentine Medal of the 
Franklin Institute in 1952. 


The transistor was no accidental discovery, 
but actually one of the results of the intensive 
work on the physics of the solid state which 
has been vigorously studied for the past two 
decades. In addition to dislocations, which 
clarified our knowledge of the strength of 
metals and alloys, several other types of im- 
perfections are now well recognised. Our pre- 
sent understanding of phenomena like lumines- 
cence, electrolytic conduction in _ crystals, 
photographic sensitivity, are only a few of the 
other results that have emerged from such a 
study. It is interesting to note that in the 
recent Bristol Conference (1954), the interest 
has shifted to irradiation effects in crystalline 
solids. 

Since Dr. Shockley and his co-workers re- 
ported the thermionic valve-like characteristics 
of the transistor, several types have been per- 
fected and it has come to stay as a standard 
component in electronic practice. The advan- 
tages of the transistor are small size, absence 
of a heater and possibility of operation with 
voltage and current of either polarity. The 
main drawbacks are appreciable interelectrode 
capacitance, limited power (less than a watt) 
and frequency (100Kc/s.) ranges, which may 
be overcome by improved design. A fundamen- 
tal obstacle to transistor development is the 
narrow tolerances in electrode spacings that 
require precision engineering. However, tran- 
sistors are widely used nowadays in switching 
circuits of portable equipment, telephony and 
computers, where their compact size and limited 
power requirements offer special advantages in 
circuit design. 

It is interesting to notice that the Nobel- 
Laureates of this year are found in an indus- 
trial organisation. Perhaps it is a sign of the 
beneficial results of the participation of men 
of science in an enlightened industry. 

K. S. CHANDRASEKHARAN. 


CATALOGUE OF NUCLEAR REACTORS 


HE Chalk River Project of Atomic Energy of 

Canada, Ltd., with the co-operation of the 
Atomic Energy Research Establishment, Har- 
well, has prepared a “Catalogue of. Nuclear 
Reactors, 1955” (AECL No. 220; CRR-590. 
Pp. -60. London: H.M.S.O., 1955; 4sh. 6d. 
net), which has been compiled from the un- 
classified literature and refers to reactors that 
are known to have reached criticality by 
July 1955. The catalogue includes reactors in 
Canada, France, Great Britain, Norway, Swe- 


den, Switzerland, the United States and the 
U.S.S.R. The details given for each reactor 
consist of brief notes covering six items—neu- 
tron speed; fuel configuration; kind of mode- 
rator; purpose (research, power, etc.); thermal 
power; and neutron flux—as well as construc- 
tional details and one or two useful references. 
Additions to, and revisions of, the catalogue 
will be prepared from time to time in order 
to keep the collection of data up-to-date. 
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the field of a uniform monochromatic radia- 
tion and a gravitational field of a point mass. 
For the non-symmetric tensor gic = dix + Dix 


EmsTern’s generalized theory of gravitation’ is we take 
based on field equations involving non-sym- m* 
metric quantities and having the property of - (1+? +53) he 
transposition invariance. In the notation of our 12,3 
earlier paper,2 which is followed throughout (4) 
this communication, the field equations of the oe ee 3m) 
theory are: r 
Qi," = 0 ay = hy, 
its equivalent be =a, bs = Ou =», 
(BY Visi)» = 0, bn = 8 bu =s bu= etx, (5) 
Qu, Qux + Qa,r = 9, (2) 
Py = 0. (3) @ = Acos 2n (x ~ t)/a. 


Bach of the two sets of the equations (1) and Here h,, are the quantities of the third order 
(2) consists of three independent equations. A of smallness. h,, denote the correction terms 


brief report of some unpublished results is to the gravitational potentials due to the pre- 
given here concerning the interaction between sence of the electromagnetic field. Similarly 
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a, B, y, ete., indicate a measure of the modifi- 
cation of the field of pure radiation due to the 
presence of the gravitational field. These are 
the quantities of the second order. Both m and 
¢ are the quantities of the first order of small- 
ness. 

We obtain from (1) and (2) 

a =e = 2m [zx log (x + 7) — rhs, 

B= + 2m log (x + r) 


+ 2m (x log (x + r) 
y = — 2m ¢ [log (x + r)]s, 
6 = 2m ¢ [log (x + r)}s, 
x= 2m + 2m log (x + 7) 


+ 2m ¢ [x log (x + r) — rss. (6) 


, B. y ete. are associated with the electric 
ad magnetic field strengths as shown below : 
a= E,, -7=H,, 
Ez, Hy, 

-2-¢- (7) 


The electric and magnetic field strength vec- 
tors are perpendicular to one another and upto 
the third order of approximations the two are 
equal to each other in absolute value. The 
electromagnetic field strengths and also the 
second and third components of the current 
vector density become infinite on the negative 
side of the x-axis. 

When the values of 4, f, y, etc., are substi- 
tuted in (3), the field equations reduce to 


Rei =0 (8) 
where 
op 
(9) 
dx? 
with 
= = = = - 1, 
=O,i tj (10) 


A particular solution of (3) has been ob- 
tained as 


hy = 4m [¢* log (x + r)]h, 
hy = — 4m [¢* log (x + r)])k 
Nee has 
= Nay = 
= — hag = 2m [log (x + 
“hy = 2m log (x + 
+ 2m [¢* log (x + r))«. 


0, 
2m ¢* [log (x + r)Ja 


(11) 
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This solution contains a line of singulari- 
ties. It is curious that the solution is a trans- 
form of the well-known Schwarzschild solu- 
tion hearintna a singular transformation : 


(12) 
with 
T’ = = 2¢*m log (x + 
Tt (18) 


In the transition from general relativity to 
the unified theory, the electromagnetic terms 
induce modifications in the gravitational poten- 
tials which are, however, found to be linked 
up with the usual Schwarzschild solution, 
through a singular transformation. This mathe- 
matical connection between the two solutions 
was unsuspected and is worthy of note. 

I am indebted to Professor V. V. Narlikar for 
his guidance in preparing this note. 

Banaras Hindu University, Rams1 Trwart. 
October 27, 1956. 


1. Einstein, A.. The Meaning of Relativity, ( Princeton 
University ’Press), 1953. Pp. 133-65. 

2. Narlikar, V. V. and Ramji Tiwari, Proc. Mat, 
Inst. Sci. India, 1949, 15, 249. 


A NEW DIFFRACTION METHOD FOR 
MEASURING ULTRASONIC VELO- 
CITIES IN LIQUIDS 


In this communication we present a new method 
of measuring ultrasonic velocities in liquids 
which is based on the diffraction effects pro- 
duced by two identical superposed progressive 
ultrasonic waves. The principle of this method 
is as follows: When two identical progressive 
ultrasonic waves are set up side by side in 
a column of liquid with their wavefronts 
parallel, the diffraction pattern due to a light 
beam traversing the gratings parallel to the 
ultrasonic wavefront, shows variations in inten- 
sity as the phase difference between the two 
ultrasonic waves is continuously changed. If 
the two ultrasonic waves have a path difference 
which is an integral multiple of their wave- 
length, the amplitude of corrugation of the 
emergent light wavefront is the sum of the 
amplitudes due to the individual waves and 
hence the diffraction pattern attains maximum 
intensity. If, on the other hand, the path dif- 
ference is an odd integral multiple of half the 
wavelength, the compressions and rarefactions 
due to one ultrasonic wave lie on the same 
plane as the rarefactions and compressions of 
the other so that the amplitude of corrugation 
of the emerging light wavefront is the differ- 
ence due te the individual waves and hence 
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the diffraction pattern acquires minimum in- 
tensity. It cam- now be easily seen that if one 
of the ultrasonic gratings is moved continuously 
along the direction of propagation, the inten- 
sity of the diffracted light reaches maxima or 
minima at regular intervals of one wavelength. 
Knowing the distance through which one of 
the gratings is moved to cover a fixed number 
of maxima or minima, the wavelength \ and 
hence the ultrasonic velocity V can be directly 
determined by using the relation 

where v is the frequency of the ultrasonic 
waves. 

The usual Debye-Sears progressive wave 
diffraction set up is employed for observing the 
diffraction patterns. Two identical circular 
X-cut quartz crystals of lin. diameter and 
1-265 Mc/sec. fundamental frequency are con- 
nected in parallel across the output of a vari- 
able frequency Hartley oscillator for the pur- 
pose of generating two ultrasonic waves. The 
crystals were excited at about the third har- 
monic frequency as it is advantageous to use 
higher. frequencies to set up progressive waves 
and to get more number of maxima. One of 
the crystals is mounted in a standard fixed 
crystal holder with the bottom surface in con- 
tact. with the surface of the liquid in the ultra- 
sonic cell. The other crystal is mounted in a 
movable crystal holder, shown in Fig. 1, which 
consists of two telescoping tubes, the inner 
tube C sliding freely inside the outer tube A 
which is rigidly fixed. The central leg of a 
spherometer which is rigidly fixed on A rests 
snugly in a small conical groove at the top of 
cylinder C which is held to it by two springs. 
An insulator ring T fixed to the bottom of 
cylinder C carries the crystal in a circular 
groove pressed to it by metal clips. These clips 
prevent the crystal from falling and serve as 
the bottom electrode terminals to the crystal. 
The groove surrounding the edge of the crys- 
tal is filled with paraffin to prevent the liquid 
in the tank from short-circuiting the crystal. 
The top surface of the crystal is insulated from 
the cylinder C by an insulated washer G. An 
insulated lead from the upper electrode E of 
the crystal is taken out for feeding power to 
the erystal. After making careful adjustments 
to ensure that the surfaces of the two crystals 
are parallel, the readings of the spherometer 
for every ten consecutive maxima are noted 
and the wavelength of the ultrasonic wave is 
evaluated. To attain very high accuracy in 
velocity measurements, a _ sensitive photo- 


multiplier photometer has been used for judg- 
ing the positions of maxima or minima, © ~ 
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With a view to check the accuracy and reli- 
ability of this method, velocity measurements 
were made for aqueous solutions of sodium 
chloride at various concentrations. The measured 
values for 104 and the calculated values of 
ultrasonic velocity V at various concentrations 
upto 1 molal are presented in Table I. 

TaBLe I 
Measurements at 32°C, 


Molal 
Frequency Velocity 
in Me/sec. cm, m/sec, 
0 3-864 0-3930 1519 
0-2 3-810 0-4020 1531 
0-4 3-857 ¢-4000 1543 
0-6 3-829 0-4065 1556 
0-8 3-828 0-4090 1566 
1-0 3-822 0-4125 1576 


The frequency of the oscillator which is 
found to vary from one concentration to the 
other due to probably the capacitance of the 
liquid in the ultrasonic tank, is measured by 
a_precision Marconi Wavemeter. The value of 
ultrasonic velocity for water at 32°C. is in good 


Fic. lt - 
agreement with the value reported by other 
workers. . The variation of ultrasonic velocity 
with concentration is _ nearly _ linear being 
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57 m/sec. for 1 molal concentration. This value 
agrees well with the interpolated value of 
57 m/sec. for 1 molal concentration obtained 
from the results of Barthel.! 

The method is simple, accurate’ and reliable, 
but suffers from the disadvantage that it is 
applicable only for transparent liquids available 
in large quantities as the progressive wave tank 
must have a. large capacity. 

Ultrasonic Labs., M. RAMAKRISHNA RAJUv. 
Physics Dept., B. RAMACHANDRA RAo. 
Andhra University, y 

Waltair, October 28, 1956. 


1. Barthel, R., /. Acous. Soc. Amer., 1954. 26, 227. 


EQUATION OF STATE OF ZINC 
FROM THERMAL DATA 


ReEcentTLy Dayal!.? has outlined a method of 
deriving the equation of state of solids directly 
from the observable data on thermal expan- 
sion, specific heat, and the elastic constants. 
Sharma’. has followed the same lines in a 
study of the equation of state and the poten- 
tial energy of cubic crystals. We have made 
suitable modifications in the methods adopted 
by these authors so that they can be applied 
to the hexagonal crystals. We start from the 
following equations of state given by Gru- 
neisen,5 


Where X, and Z, are the components of stress 
ard x, and z, those of strain, ¢ is the poten- 


tial and E the thermal energy. 7,, and 7,, 
are the average Gruneisen constants, namely, 


—2 (log etc. Gruneisen assumed that 
these are constants for all frequencies. In our 
method, the average constants alone appear and 
the question of their constancy is irrelevant 
for our purpose. They have been calculated 
from the following expressions taken from Gru- 
neisen’s work® with slight modifications : 


(Sy, + Cot Sys 


(2) 
+ 

where a, and a, are the coefficients of thermal 
expansion perpendicular and parallel to the 
hexagonal axis; S,,, etc., are the elastic modulii 

and C, the specific heat at constant volume. 
Starting from the equilibrium values of 1, 
and 1, at P=T=0 and using the thermal ex- 
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pansion data, values of lengths at various tem- 
peratures are calculated. These are the lengths 
measured. at room pressures which is practi- 
cally zero.in the scales of pressures involved 
here. For these lengths, therefore, the stresses, 
X,,etc., are zero and the first term on the right 
hand side of equation (1) is numerically equal 
and opposite in sign to the second term. This 
enables the first term in the right hand side 
of equation (1) to be calculated as a function 
of l. Pressures at various lengths, i.e., X, etc., 
are then calculated from a knowledge of both 
the terms on the right hand side of equa- 
tion (1) . The procedure is the same, as in 
papers cited earlier, the only difference being 
in. the use of two average Gruneisen constants, 
one parallel to the hexagonal axis and the 
other perpendicular to it. In the table, we have 
given the calculated values of 
Al lpr — or 

for zinc at various pressures by the present 
method, both perpendicular and parallel to the 
hexagonal axis. The thermal expansion data 
are taken from the observations made by 
Gruneisen and Goens;* the specific heat data 
from the work of Keesom and Ende? in the 
range 3-2° K to 20° K and Clausius and Harteck* 
in the range 21-9°K to 201-0° K; and the elas- 
tic modulii data from the measurements made 
by Bridgman. The calculations have been 
made at a temperature of 303°K and the re- 
sults have been compared with the experimen- 
tal measurements of Bridgman!® in Table I 
TaBLe I 


Pressure 
px1077 


dynes/cm.” (Calculated) (Bridgman) 


Parallel to the 168 19 22 
hexagonal axis 369 45 48 
571 71 74 

; 42 97 95 

fis 123 117 

1132 155 143 

Perpendicular to 181 4 3-6 
the _ hexagonal 414 8 8 
637 13 12 

836 17 16 

1026 19 19 

1231 20 23 


The agreement is found to be satisfactory within 
the limits of the accuracy of the experimental 
data. 

The problem was suggested to us by Dr. B. 
Dayal and we are highly thankful to him for 
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his keen interest and valuable suggestions 


during the course of our work. 


Physics Dept., S. SHIVANANDA TOLPADI. 
Banaras Hindu C. R. PurRUSHOTTAMAN. 
University, 


September 25, 1956. 


1. Dayal, B., /. Sci. Res., B.H.U., 
2—. /. Chem. Phys., 1950, 18, 130: 
3. — and Sharma, R. S., Proc. Pye. Sot., 1955, 48B, 


1049. 

4. Sharma, R. S., P4.D. Thesis, 1954, Banaras Hindu 
University. 

5. Gruneisen, E., Handbuch der Physik, Springer, 
Berlin, 1928, 10, 23-47. 

6. — and Goens, /did., 1928.10, Table 16, 48. 

7. Keesom and Ende, Leiden Communications, 1932, 
No. 2194. 

8. Clausius and Harteck, Z. Phys. Chemie, 1928, 134, 
256 


9. Bridgman, P. W., Proc. Nat. Acad. Sci. Wash., 
1924, 10, 411 ; Proc. Amer. Acad. Aris Sci., 1925, 


60, 306. - 
10. —, The Physics of High Pressure, G. Bell & Sons, 
Ltd,, 1931, Table V, p. 160. 


SYNTHESIS CF 6-HYDROXY FLAVO- 
NOLS BY ALGAR FLYNN REACTION 
KosTANECKI! was the first to synthesise 6- 
methoxy flavonols. Starting from 6-methoxy 
flavanone, the 3-isonitroso derivative was 
secured by the action of amyl nitrite and 
hydrochloric acid. Acid hydrolysis of the iso- 
nitroso derivative gave the flavonol in fair 
yields. In the course of our study on Algar- 
Flynn Reaction,? 6-hydroxy flavonols have been 
directly synthesised from chalkones and flava- 
nones by the oxidation with hydrogen per- 

oxide. 

Vyas and Shah? condensed quinacetophenone 
(I, R’=H) with benzaldehyde,  anisal- 
dehyde and vanillin in presence of alkali and 
reported the formation of chalkones only. This 
reaction is now repeated and it is noticed that 
the chalkones are invariably accompanied by 
the flavanones. These could be separated by 
virtue of their differences in solubilities in 
petroleum ether and acetone. Thus 2’: 5’-di- 
hydroxy chalkone (II, R=R’=H) and 
2’: 5’-dihydroxy 4-methoxy chalkone (II, 
R=OCH,;, R’=H) and their corresponding 
flavanones were synthesised. The chalkones 
crystallised in the form of orange red prisms 
and gave reddish brown colour with alcoholic 
ferric chloride. The flavanones, however, were 
pale yellow crystalline compounds exhibiting no 
colour with ferric chloride. In conc. sulphuric 
acid, both chalkones and flavanones developed 
deep red colouration. 

Oxidation of 2’: 5’-dihydroxy chalkone (II, 
R= R’=H) with hydrogen peroxide in alkaline 
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solution proceeded smoothly and the 6-hydroxy 
flavonol (IV, R= R’=H) could be secured in 
good yield (70-75%). Variations in the 
strength of alkali (2N and N/2) or in hydrogen 
peroxide (30% and 6%) or in time (2 hours 
being the minimum period) have no effect on 
the yield of the flavonol. A suitable pro- 
cedure, therefore, consists in dissolving the 
chalkone in 2N alkali (NaOH) and adding 30% 
hydrogen peroxide slowly dropwise at the labo- 
ratory. temperature. The original Teddish 
orange solution quickly lost its colour, chang- 
ing into pale yellow. After two hours, on acidi- 
fication with dilute sulphuric acid, the flavonol 
separated out. Following the same procedure, 
2’: 5’-dihydroxy-4-methoxy chalkone (II, 
R=OCH,, R’=H) was converted into the 
corresponding 6-hydroxy-4’-methoxy flavonol 
(IV, R=OCH,, R’=H). 

The 6-hydroxy flavanones (III, R=R’= 
and R=OCH,, R’=H) were also 
oxidised with hydrogen peroxide. The yield 
of the flavonols was as good as in the case 
of the chalkones. Indeed it has also been shown 
that the crude chalkone-flavanone mixture as 
obtained from the condensation of quinaceto- 
phenone with benzaldehyde and anisaldehyde, 
could be directly oxidised with advantage, to 
obtain 6-hydroxy flavonols. This method, there- 
fore, can be usefully employed instead of that 
of Kostanecki.! 

The identity of the 6-hydroxy flavonols (IV, 
R=R’=H, and R=OCH,, R’=H) was set- 
tled by direct comparison of their methyl 
ethers with authentic samples. The flavonols 
and their methyl ethers gave bright green 
fluorescence in concentrated sulphuric acid. 
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TaBLe I 
Calc. Found 
Compound m.p. Formula adi 
Cc H Cc 
2; &'-dihydroxy chalkone 172-4° CysHi20; 75-0 5-0 74:8 4-9 
2 6-hyhroxy flavanone 205-6° Cy5H 1203 75-0 5-0 74-9 4-9 
3 2’ : 5’-dihydroxy-4-methoxy chalkone 142-3° CygHi40, 71-1 5-2 71-3 
4 6-hydroxy 4’-methoxy flavanone 178-80° Ci ¢H 71-1 5-2 71-0 53 
5 3:6-dihydroxy flavone 232-3° CisHyO0, 70-8 3-9 70-7 4-0 
6 3: 6-dihydroxy-4’-methoxy flavone 273-4° 67-6 4-2 67°5 


6-Methoxy-flavanone (III, R=H, R’ = CH,) 
was also similarly oxidised with 30% hydrogen 
peroxide in alcoholic alkaline medium. The 
6-methoxy flavonol (IV, R= H, R’=CH,) was 
identical in all respects with that compound 
previously prepared by Kostanecki.'! 6: 4’-Di- 
methoxy-flavanone (III, R= OCH,, R’ = CH;) 
could also be oxidised following this procedure 
to yield 6: 4-dimethoxy §flavonol (IV, 
R = OCH,, R’ = CH,). The yields in this method 
are better than in the Kostanecki’s method. 

In these oxidations, no benzal coumaranones 
could be discovered and the course of the re- 
action was normal in conformity with the con- 
clusions of Geissmann and Fukushima.* 

Dept. of Chemistry, L. RAMACHANDRA Row. 
Andhra University, C. Someswara Rao. 
Waltair, July 21, 1956. 


= Reem. St. V. and Lampe, V., Ber., 1904, 773, 
and 

2. Vyas, G. N. and Shah, N. M., /. /nd. Chem. Soc., 
1949, 26, 273. , 

3. Algar, J. and Flynn, J. P., Proc. Jrish Acad. Sci., 
1934, 42 B, 1. 

4. Geissmann, T. A. and Fukushima, D. K., /. Amer. 
Chem. Soc., 1948, 70, 1686. 


FREEZING POINTS OF ADSORBATE 
LIQUIDS 


Since capillary forces believed to be responsi- 
ble for adsorption by porous bodies!.? influence 
vapour pressures at curved surfaces, it follows 
that freezing points of adsorbed liquids should 
be different from those in bulk. This 
affords a means to check the theory of capil- 
lary condensation. We have determined the 
freezing points of benzene, dioxane, p-xylene 
and ethylene diamine adsorbed on four dif- 
ferent porous bodies at different relative pres- 
sures corresponding to condensation in capil- 
lary pores of different radii by measuring equi- 
librium pressures of the systems at different 


temperatures and by plotting log p vs. 1/T 
curves. The freezing point depressions observed 
in the case of one of the liquids only are pre- 
sented in Table I for illustration. 

The perusal of the literature shows that 
while some workers*5 calculate theoretical 
freezing point depressions (AT) of capillary 
condensates on the assumption that the vapour 
pressure of the liquid in capillaries is lowered 
by surface tension effects but that of the solid 
is not, others* obtain the values on the assump- 
tion that the Kelvin equation is applicable to 
solids in capillaries as well, and that there is 
a corresponding lowering of the vapour pres- 
sure of the solid phase as well. The respec- 
tive equations derived for the two different 
points of view may be represented as: 

AT = 2 Toy’M/prOH (1) 
and 
AT = T/ASH.2M/r (y/p y./p.) To (2) 


where T, is the normal and T the lowered 
melting point of the liquid condensed in capil- 
lary pores of radius r; M and AH are its mole- 
cular weight and heat of fusion; y and vy, are 
its surface tensions and p and p, are its densi- 
ties in the liquid and solid states respectively, 
and 7’ is the surface tension of the supercooled 
liquid at the lowered temperature T. The sur- 
face tension of the solid state can be calculated 
from the isotherms measured at two tempera- 
tures, one above_and the other below the freez- 
ing point of the sorbate,? while that of the 
supercooled -liquid is obtained by extrapola- 
Gand. 


-It is seen (Table I). that the observed values 
are in fairly close agreement with those calcu- 
lated from Eq: (1) and at considerable vari- 
ance with those calculated from Eq. (2). These 
results, therefore, do not support the postulates 
of Batchelor and Foster? but uphold the calcu- 
lations of Puri et al.® and are fully in accord 
with the expectations of Carman.* It is also 
evident that the freezing point depression of 
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an adsorbate depends largely on the radius of 
the capillary pores in which it is condensed, 
irrespective of the nature of the adsorbent. 
This offers substantial support to the theory of 
eapillary condensation. 

A detailed account of the work will be pub- 
lished elsewhere. 

TaBLe I 

Freezing point depressions of benzene held in 
various adsorbents at different relative vapour 


pressures 
22 Determined freezing point depres 
- sions (AT) inthecaseof:— 
3. 
gel. oxidegel. nite coal £ 
521 3-80 3-74 3-51 3°75 2-90 1-55 
293 .* 5-95 6-20 5-80 5-21 2-72 
166 10-00 10-30 10-20 4-72 
101 16-35 16-85 -. 16-51 15-83 7-60 
70-6 he 24-20 23-99 23-80 23-37 10-57 
49-3 34-10 34-40 -» 84-04 34-73 14-51 
37-8 47-60 47-80 48-20... 47-75 17-86 
31-6 52-60 44-60 oe ee 57-45 20-88 
Dept of Chemistry, Batwant Rar Purt. 
Punjab University, D. D. SIncu. 


Hoshiarpur, August 22,1956. Y. P. Myer. 
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PAPER CHROMATOGRAPHIC 
TECHNIQUE TO DETECT ORGANIC 
ACIDS IN CITRUS PLANT TISSUES 

(CITRUS ACIDA) 


DurInc our investigations on the biosynthesis 
of citric acid in citrus fruits, it was found 
that none of the methods! described so far 
was found suitable for detecting organic acids 
in citrus tissue homogenates. Hence the method 
used by Martin and Steel® was slightly modi- 
fied and used. The details of the modified 
method are reported here. 

The parts of the citrus plant chosen for study 
were: (1) the fruit at two stages of its growth, 


(2) leaves, (3) stems, (4) root, and (5) flowers. 
The materials were brought fresh from a pri- 
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vate farm. A known weight of the material 
was immediately homogenised in a waring 
blendor for 3-4 minutes with a minimum known 
quantity of water. The homogenate was then 
filtered through a funnel and the filtrate made 
up to a known volume. The filtrate was pre- 
served under toluene in a refrigerator and used 
for the experiment. 

Measured quantities of the extracts and a 
mixture of authentic samples of organic acids 
were spotted on a Whatman No. 1 filter-paper 
(24” x 24”) and developed with the solvent 
recommended by Lugg et al.? (butanol: formic 
acid: water: :5:1:4) at room temperature. 
The time of run was nearly 30 hours. The 
chromatogram was first air-dried and further 
dried in an oven at 70°C. for about 24 hours. 
It was then sprayed with the reagent of Reid 
and Lederer® and exposed to the vapours of 
ammonia. Clear and well-defined yellow spots 
without any tailing appeared on a violet back- 
ground. The presence of different organic acids 
in the extracts was detected by comparing the 
R, values with the R, values of the acids in 
the standard synthetic mixture. The R, values 
for the various acids are given in Table I 
along with the values obtained by other authors 
with different solvent. systems. Table II shows 
the various organic acids detected in the ex- 
tracts of tissues of different parts of the citrus 
plant. 

TaBLe I 


R, values for the various organic acids 


Present Solvent mixture 
investiga- Kalyankar® Bryant® Cheftel*® 


Acid 
tion 
Citric 0-47 0-37 0-31 0-23 
Malic -. 0-53 0-44 0-39 0-32 
a-keto-glutaric 0-67 0-63 0-63 
Succinic 0-74 0-72 0-70 0-66 
Aconitic 0-81 0-78 0-81 0-73 
Fumaric 0-85 0-86 we 0-82 
TaBLeE II 
Detection of organic acids in citrus plant tissues 


Fruits 


Acid Flowers leaves Stems Roots — — 


dia.) 
Citric ~ oe" + + + + = + 
Malic .. = + + + - + 
Succinic .. + + + + + - 


+. shows the presence of the acid, and — shows We 
absence of acid. 
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The authors’ thanks are due to the authori- 
ties of the Baroda University for financing this 
project and for the award of a Research 
Assistantship to one of them (T. N. S.). Their 
thanks are also due to M/s. B. N. Patel & Sons 
for the generous supply of citrus plant. 

T. N. SEKHARA VARMA. 
C. V. RAMAKRISHNAN. 
Dept. of Biochemistry, 
M. S. University of Baroda, 
Baroda, September 3, 1956. 
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CHEMICAL COMPONENTS OF THE 
PODS OF TEPHROSIA PURPUREA 
VAR. MAXIMA BAKER 


THe pods of fT. purpurea var. maxima 
(T. maxima Pers.) collected at Waltair gave 
7% ether extractives from which three crystal- 
line components could be isolated. The first, 
which was designated as ‘Purpuranin A’, had 
a mp. 189-91°, contained one methoxyl group 
and analysed for C,,H,,O;. It neither gave a 
phenolic colouration nor did it respond to the 
test for rotenoids. It did not give any acetyl 
derivative but, however, underwent alkali de- 
gradation. The products of alkali degradation 
were a phenolic component, melting at 118-19° 
and a neutral one melting at 132-33°. The 
second crystalline substance, designated ‘Pur- 
puranin B’, had a higher m.p. 224-25°, was less 
soluble in alcohol and had a tendency to form 
big crystals. It also contained one methoxyl 
but analysed for C,,H,,O;. In other properties 
it resembled closely ‘Purpuranin A’ and gave 
on alkali degradation only a phenolic compo- 
nent melting at 142-43°. Both Purpuranin A 
and Purpuranin B did not possess toxicity to 
fish. 
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In contrast with the above two compounds 
the third compound designated ‘Maximin’, pos- 
sessed toxic properties had a m.p. 143-45° con- 
tained one methoxyl group and analysed for 
Cy3 H220,. The molecular formula aroused a 
suspicion that the compound might be impure 
rotenone but mixed mp. with rotenone and 
the methoxyl value removed all doubts about 
its being impure rotenone. Although it resem- 
bled ‘tephro-toxin’ in containing one methoxyl, 
the molecular formula was considerably dif- 
ferent. It contained further one methylene- 
dioxy grouping as indicated by the gallic acid 
test. The isolation of this toxic principle 
‘Maximin’ from the pods was reported earlier 
by the author.! This substance like Purpuranins 
underwent degradation with alkali and gave a 
neutral component melting at 80°. 

Recently Rangaswami and Sastry? reported 
the isolation of three crystalline components 
from the roots of T. maxima Aers, presumably 
Pers. Of the three components isolated by them 
only Maxima substance C appears to be iden- 
tical with ‘Maximin’ obtained by us from the 
pods, whereas the rest seem to be different. It 
is quite likely that there would be a very 
close relationship between Purpuranins and 
Maxima substances A and B isolated by Ranga- 
swami and Sastry (loc. cit.) as all these have 
been obtained from different parts of the same 
plant. 

The work described here was done by the 
author in 1945 when he was at the Andhra 
University under the guidance of Prof. T. R. 
Seshadri and formed part of the thesis for the 
D.Se. Degree of the University. 

Dept. of Chemistry, N. V. Susspa Rao. 
Osmania University, 
October 29, 1956. 
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TETRAZOLIUM REDUCTION AS AN 
INDEX:OF SPOILAGE IN CURED FISH* 
Previous attempts to employ redox indicators 
like methylene blue and resazurin for assessing 
the bacterial contamination of fish have been 
unsuccessful due to the presence of trimethyl- 
amine oxide which retards the lowering of 
redox-potential! Since it has been suggested 
that more electropositive dyes may be useful, 
we have investigated the possibility of employ- 
ing triphenyl tetrazolium bromide (T.T.B.) 


* Published. with the kind permission of the Chief 
Research Officer, Central Marine Fisheries Research 
Station, Mandapam. 
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which has been often used in recent years for 
studying dehydrogenase systems.2 Laxmi- 
narayana and Iya? have described a tetrazolium 
reduction test for milk. Though the Eo of 
T.T.B. is reported to be — 80mYV, it is reduced 
by succinic dehydrogenase system having a 
much more positive normal redox-potential due 
to the insoluble nature of the reduced form.* 

3ml. to 5ml. of fish muscle extract at pH 7:2 
(1 part of muscle for 10 parts of phosphate 
buffer) made up to 6ml. were incubated after 
adding 0-5ml. of 0-5% T.T.B. Time taken for 
the onset of a distinct pink colour was noted 
and formazan formed after definite periods of 
incubation estimated by visual comparison 
after extracting with toluene.® Standards were 
prepared according to the method described by 
Fairbridge et al.® 

Muscle from fresh samples of choodai (Sardi- 
nella sp.) did not show any reduction even 
after 18 hours. Among four different samples 
of sun-dried choodai, one specimen which was 
evidently spoiled and also showed a high 
T.V.N. value of 264mg.% gave 360ug. of 
reduced T.T.B. in 20hr. as against 190g. to 
220ug. in other cases. In another experiment 
eight samples of sun-dried sardines from 
experimental lots and obtained from local curing 
centres and the local market were examined. 
Dye reduction was observed in 5hr. to 8hr. 
and samples cured in the laboratory showed no 
appreciable reduction. Maximum _ reduction 
amounting to 100% was observed with the 
market sample. 

The influence of spoilage before curing was 
investigated by studying the dye reduction of 
cured samples of Chirocentrus dorab dry-salted 
after allowing to spoil at room temperature for 
different intervals. A distinct gradation was 
observed in the onset and extent of reduction 
in 4, 6, 8 and 12hr. Values recorded during 
6hr. to Shr. were even more sensitive than 
Total Volatile Nitrogen in indicating the con- 
dition of the four different samples. Amount 
of dye reduced in 8hr. ranged from 22-5ug. 
to 41-3 ug. 

During the course of this investigation we 
have examined about 20 samples of cured fish 
from Paramakudi market comprising of all the 
common varieties of, fish, When the amount 
of dye reduced in 8hr. was compared with the 
T.V.N. values, there appeared to be some rela- 
tionship between the extent of reduction and 
the quality of the samples as revealed by 
T.V.N. values. Results of these preliminary 
experiments indicate that tetrazolium reduc- 
tion may prove to be useful as a presumptive 
test for the detection of fish spoilage since 
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there exists a wide variation in the extent of 
reduction presumably related to the magnitude 
and nature of the bacterial population. Fur- 
ther work on these lines is in progress to evolve 
a suitable procedure by standardising the con- 
ditions, 

While this work was in progress we have 
come across a brief report in the World Fish- 
eries Abstracts? that similar work is in pro- 
gress at Torry Research Station (U.K.). 

We are deeply indebted to Dr. N. K. Panik- 
kar, Chief Research Officer, for his keen in- 
terest and valuable suggestions. 


Central Marine’ S. V. SurRYANARAYANA Rao. 
Fisheries Res. M. RAJENDRANATHAN NAYAR. 
Station, A. P. VALSaAN. 

Mandapam Camp, 

September 5, 1956. 
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RELATION BETWEEN THE NUCLEUS 
AND THE VACUOLE IN YEAST 


In 1844 Nageli! identified a body in living 
yeast as the homologue of the nucleus of higher 
organisms. It has been described under a variety 
of terms and its position in relation to the 
vacuole still remains unsettled. Since the 
above descriptions are based on stained pre- 
parations it was thought desirable to clarify 
this problem from observations on living cells. 
Evidence was presented elsewhere!®.!! that the 
nucleus and the vacuole in living cells have 
membranes delimiting them from each other as 
well as the cytoplasm. 

Fig. 1 is that of a living cell under phase 
contrast from a 120-hr. wort culture of a strain 
of Saccharomyces cerevisiae. The nucleus lies 
apposed to the vacuole and the distinct nuclear 
membrane (cf. Fig. 4, Wager!) encloses a 
formed structure inside. Without disturbing 
the sediment in the above culture, the spent 
wash was discarded and four times the origi- 
nal quantity of fresh wort was added to the 
tube. Phase contrast micrographs 2 and 3 are 
of a cell in two foci after stimulation for 90 
minutes. The cytoplasm has encroached into 
the vacuolar space -with the consequent 
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division of the vacuole into two unequal parts. 
There is also a reduction in the volume of the 
vacuole itself (Figs. 2, 3). 

The presence of an intact nuclear membrane 
taken in conjunction with the encroachment of 
the cytoplasm into the original vacuolar space 
would confirm (i) the extra-vacuolar position 
of -the nucleus, and (ii) the absence of any 
relation between the vacuole and the nucleus.'!2 

The author is grateful to Dr. M. K. Subra- 
maniam for his active interest and encourage- 
ment. 

(Miss) SARASWATHY ROYAN. 
Cytogenetics Laboratory, 
Indian Institute of Science, 
Bangalore-3, September 5, 1956. 
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FIG. 1. Cell showing nucleus and vacuole. 120-hr. culture. (Phase contrast). 
foci from a cultare stimulated for 90 minutes with iresh wort (Phase contrast), x 2,500. 


N.M., Nuclear Membrane. 


Fics. 2 and 3, A cell in two 


V., Vacuole. 
CYTOLOGY OF OPHIOGLOSSUM 


Since the publication of Manton’s? work on the 
cytulogy of British species of Ophioglossum, the 
genus has received greater attention, and re- 
cently important work has appeared on the 
cytology of tropical ophioglossacez,® mostly 
from India. Detailed morphological and cyto- 
logical observations have been made on three 
species of Ophioglossum by the author, the 
cytological part of which is presented here in 
summarized form, while a full report shall 
appear elsewhere. In all the three cases, studies 
were made from spore mother cells by the 
usual acetocarmine squash technique.* 
Ophioglossum polyphyllum A. Br. apud Seu- 
bert® [O. aitchisonii (Clarke) d’Almeida? or 
O. capense Sw.']: The present material col- 
lected at Hoshiarpur reveals 116 clear bivalents 
at the first meiotic metaphase (Fig. 1), (at the 


FiG. 1, Metaphase of the first meiotic division in a 
spore mother cell of A. Br 
apud Seubert, #=116, x 
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most 117) and the chromosome number in O. poly- 
phyllum is the least in the genus reported so 
far, being even lower than that of O. costatum 
R. (n= 120). The meiosis in O. polyphyl- 
lum is perfectly regular and seemingly normal 
and viable spores are produced. 

O. petiolatum Hook.: On the basis of Chakra- 
varty’s' monograph on Indian Ophioglossum, 
this species is a new record for India. It was 
collected near Rajasansi Aerodrome (Amritsar) 
in March 1955 and 1956, growing on sandy banks 
of small rivulets. The identification was authen- 
ticated by Mr. F. Ballard (Kew) through the 
courtesy of Prof. R. E. Holttum. The species 
contains 510-515 bivalents and the course of 
meiosis is normal. The same chromosome num- 
ber has also been reported for the Ceylon 
material.* 

O. vulgatum L.: This cosmopolitan species 
has yielded most interesting results and 
for this reason it has been studied from three 
far off localities in India: Darjeeling, Mussoorie 
and Amritsar. In Darjeeling material there are 
clear 480 bivalents. The Mussoorie material 
yielded a count of 410-420 bivalents. Meiosis 
in both the cases is regular and morphologi- 
cally the material from the two localities is 
uniform. In strong contrast to this there are 
at leas vo forms at Amritsar. The sterile leaf 
blade in one is acute and tapering and in the 
other it is obtuse and round. Cytologically the 
former has invariably a regular course of meio- 
sis. In random collections from different loca- 
lities round about Amritsar, different chromo- 
some numbers: 340-346, 385-390, 410, 465-475 
and 515-520 have been counted in dividing spore 
mother cells. This form exhibits a great varia- 
tion in its size and there appears to be a defi- 
nite correlation between the chromosome num- 
ber and the size of the plants. 

The form with obtuse apex is not the typi- 
cal of the species as has been indicated by 
Mr. F. Ballard of Kew Botanical Gardens. 
Though the chromosome number very nearly 
falls within the same range as the form with 
acute apex yet cytologically it shows a highly 
abnormal course of meiosis. The observations 
were confirmed from a large number of speci- 
mens. Both univalents and multivalents have 
been observed, and their erratic behaviour both 
at Anaphase I and Anaphase II coupled with 
the abnormal cytokinesis results in the produc- 
tion of monads, diads (free or united), triads 
(Fig. 2a) tetrads (equal or unequal), pentads 
and hexads. At full maturity all the ‘spores’ 
become seemingly incapable of germination 
with thin cytoplasm and devoid of food mate- 
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rial. Apart from these, there are well-filled 
diplospores (Fig. 2b) formed by complete fail- 
ure of the. first meiotic division and a normal 
second division. If such spores are viable then 
the reproduction is apogamous. To the author’s 
knowledge this is the first report of the occur- 
rence of diplospory in Pteridophytes. It is also 
of interest to note that chromosome number for 
the species is much higher in the Indian flora 
than determined for the British material by 
Manton*® (n= ca 256). 


Fic. 2. abnormal spores of O. vudgatum 


Young 
(obtuse apex), (@) triads, (4) diplospores, x 100. 


Every effort to find gametophytes in nature 
proved to be futile and a critical examination 
based on two years of study shows that the 
reproduction is chiefly by vegetative means 
(root buds) in the entire O. vulgatum L. com- 
plex at Amritsar. Majority of the Darjeeling 
and Mussoorie specimens observed reproduce 
from root buds. It is not, therefore, surprising 
that the species is able to support the diverse 
chromosomal constitution on account of the 
efficient vegetative reproduction. Furthermore. 
these very factors could very well be the cause 
of polymorphy seen in the species.? 

The author feels deeply indebted to Prof. P. N. 
Mehra for his helpful guidance and encourage- 
ment. Grateful thanks are also due to Mr. T. N. 
Khoshoo for criticism, to Prof. R. E. Holttum 
for help in the identification and to Mr. R. S. 
Pathania for the microphotographs illustrating 
the paper. 

Dept. of Botany, 
Panjab University, 
Amritsar, July 12, 1956. 


S. C. Verma. 


1, oe H. L., Bull. Bot. Soc., Bengal, 1951, 


2. Claussen, R. T., Mem. Torrey Bot. Club, 1938, 19, 
2. 

3. Manton, I., Prodems of Cytology and Evolution 

4. — and Sledge, W. A., Phil. Trons. Rov. 
Lond., 1954, 238 B, 127. 

5. Ninan, C. A., Curr. Sci., 1956, 25, 161. 

6. Pichi-Sermolii, R., Webdia, 1954, 9, 623. 
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UNUSUAL LESION IN THE SUBCUTIS 
OF A FOWL, DUE TO THE FUNGUS 
OF ASPERGILLUS SP. 


A FORMALIN fixed specimen from an Indian fowl 
was forwarded by the Veterinary Officer, Sirpur 
Veterinary Dispensary, to the Pathology Depart- 
ment of Bombay Veterinary College, for histo- 
pathological examination and report. The clini- 
cal history accompanying the specimen states 
that the bird with a hard lump on the ventral 
aspect of its abdomen, and of six months’ dura- 
tion was brought there for treatment. On exa- 
mination and manipulation, it was noticed that 
the skin was torn and a hard lump was pre- 
sent in the subcutaneous region. This was easily 
removed by twisting. It is further reported that 
the bird has recovered after the removal of 
the lump which was suspected to be only a dry 
mass of fat. 

The lump was found to be a spherical. body 
measuring about 6cm. in diameter and weigh- 
ing 20z,. On cutting through the specimen, it 
was seen to be made up of concentric lamina- 
tions resembling those of an onion and having 
a necrotic centre (Fig. 1). 


FIG. 1. Gross specimen. showing distinctly the onion- 
like laminations and the necratic centre, 
Microscopic examination shows that the 


laminz are made up of tissue which has de- 
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generated beyond identity and a network of 
fungus mycelia which are clearly noticeable on 
either surface of the laminz. The space in bet- 
ween the laminz is occupied by mycelia, and 
amongst them can be seen a number of mature 
conidiophores and free conidia, identical to 
those of Aspergillus species (Fig. 2). The 


Fic. 2. Highly magnified view showing the mycelia 
and spores. One conidiophore with columella and 
sterigmata is distinctly seen. 


particular species of the fungus involved, could 
not be determined as the specimen was sent 
fixed in formalin. 

The finding of this peculiar lesion due to 
Aspergillus fungus, at an unusual site, is sur- 
prising. It would, therefore, be interesting to 
find out if such a lesion is common, whether 
this has any relation with the abdominal air- 
sacs which are sometimes involved in Asper- 
gillus infections, and the particular species of 
the Aspergillus fungus involved in such lesions. 


Bombay Veterinary College, R. M. Katapesi. 
Parel, Bombay-12, B, L. Purontr. 
July 30, 1956. 


1. Schlegal, M., Cited .by. Bullis, K. L., Désease of 
Pouitry, by H. E. Biester and Louis Devries, The 
Iowa State College Press, 1945. 
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A NEW TECHNIQUE FOR THE 
CONSTRUCTION OF DYKES IN 
DEEP-SILTED SWAMPS 


THERE are extensive swamps in many States of 
India, which are at present lying derelict. 
Reclamation of such swamps into fish ponds has 
been recognised as an effective means of mak- 
ing them productive (Wilson,! Schuster et al.?). 
Since 1949 a scheme for the reclamation of 
swamps has been in progress in the State of 
Orissa and uptil now over 30 swamps have been 
converted into productive fish farms. The author 
has in a recent article* described the methods 
adopted for swamp reclamation in Orissa, which 
mainly consist of eradication of weeds, dewater- 
ing, construction of dykes and their turfing and 
provision of sluices. Experience so far gained 
in the culture of fish in reclaimed swamps 
has shown that it is more profitable to con- 
struct fish ponds in deep-silted swamps which 
are very productive. But the construction of 
dykes in such swamps has presented great diffi- 
culties and it has been found impossible to 
complete the central dykes in them even when 
the silt is allowed to settle for one year before 
piling of silt next year. 

For the construction of dykes, generally the 
swamp is dewatered by draining or by means 
of power pumps and the surface of the swamp 
bed is dried to a depth of 9” to 12”. Earthwork 
is then done by manual labour and silt is piled 
up on the dyke. But a slushy mass remains 
below the crust and the pile of silt after attain- 
ing a certain height spreads out and the dyke 
flattens itself. Any further piling of silt does 
not raise the dyke but causes greater flatten- 
ing, even when pile driving is resorted to. 

During this year a new technique was tried 
for the reclamation of Kiakani swamp in 
Orissa (36 acres in area) which had a silt 
deposit of 8 ft. to 12 ft. This technique which 
is described below was found very successful 
and it was possible to complete the reclama- 
tion work of this swamp in one working sea- 
son extending from February to June. 

In the new technique, a silt retaining wall 
with good cohesive resistance is formed by sub- 
soil pumping instead of pumping on the sur- 
face. The water-level is maintained at about 
4ft. to 5ft. below the crust by round the clock 
pumping and then the silt forms a solid mass. 
Being impervious, this mass does not allow 
seepage of water from the bottom, provided 
pumping is constantly done to maintain the 
subsoil water-level. This second crust serves as 
a berm to hold the silt in position and as more 
and more silt is piled up and the load in- 
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creases in the centre, the downward thrust of 
the silt clods is counteracted and the surface 
of the retaining wall on both sides raises it- 
self to convex slopes. The upward thrust is in- 
dicated clearly by typical fissures of the clods 
which are wider on the surface and narrower 
below. The self-raising berm is caused by the 
upward thrust of the second component, while 
the first one keeps the piled up silt in position. 
Centrally piled up silt together with the con- 
vex ledge of the berm can then be aligned to 
make a perfect and permanent embankment. In 
Kiakani, subsoil pumping was done to a depth 
of 5ft. and drains running from several points 
of the swamps were excavated to the pumping 
pit. Dykes were made 120 ft. wide at the base 
but the silt was piled only on about 20ft. at 
the centre, the rest forming the self-raising 
berm. The dykes which were 12ft. to 15ft. 
in height became quite stable by this method 
and it withstood very well this year’s unusually 
heavy rains in the area. 

The new technique of constructing dykes does 
not involve any additional expenditure, but has 
the great advantage that the work can be com- 
pleted in one season and the dykes thus con- 
structed are permanent and strong. This tech- 
nique is now being followed for the reclamation 
of several swamps in the State, with very en- 
couraging results and it is likely that this 
method can be adopted with advantage in simi- 
lar work conducted in other areas in the coun- 
try. 

Dept. of Fisheries, 
Cuttack, August 22, 1956. 


G. N. Mrrra. 


1, Wilson, H. C., Madras Fish. Buill., 1917, 11, 161. 
2. Schuster, W. H., Kestenen, G. L. and Colling, 
G. E, P., F.4.0. Fisheries Study, 1954, No. 3. 

3. Mitra, G. N., Progress of Fisheries Development in 
/ndia. Published by the Executive Committee, 

All-India Fisheries Exhibition, 1956, 54-61. 


EMBRYO SAC HAUSTORIA IN 
CASSYTHA FILIFORMIS LINN. 


Tue only available information on the embryo- 
logy of the parasitic twiner Cassytha filiformis 
is contained in some casual observations of 
Mirande! on the structure of the ovule, fruit 
and seed. An embryological study of the spe- 
cies by the author revealed an overwhelming 
similarity with other members of Lauracez in 
respect of structure and development of anther, 
pollen, carpel, ovule, fruit and seed. However, 
the behaviour of the female gametophyte proved 
to be unique for Lauracez and is briefly de- 
scribed in this communication. 
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Of the numerous archesporial cells in the 
ovule, the hypodermal ones cut off primary 
parietal cells while the deep-seated ones func- 
tion directly as megaspore mother cells, almost 
all of which later undergo meiotic divisions and 
form linear tetrads of megaspores. A large 
number of megaspores, usually the lowest one 
in each tetrad, begin developing into embryo 
sacs of which upto six reach maturity and the 
others degenerate at various stages. At the two 
nucleate stage, some of the embryo sacs begin 
to elongate like haustorial tubular processes in 
the direction of the micropyle, crushing the 
intervening cells of the nucellus, and eventually 
about one to four of them succeed in protrud- 
ing beyond the nucellus and enter the over- 
arching funiculus which lies in close contact 
with the nucellus in the micropylar region 
(Fig. 1). Meanwhile, cells of the funiculus 
break down in the region just below the style 
resulting in the formation of a more or less 
wide canal which extends into the interior, 
breaking its way through the vascular strand 
(Fig. 1). One or two mature embryo sacs lie 


“wu 


Fic. 1. L.s. gynecium showing single anatropous, 
pendulous, bitegmic ovale with 5 embryo sacs of which two 
are protruding out of the nucellus and abutting on the 
funicular canal. (¥.C.-Funicular canal; V.S.~Vascular 
strand; partly reconstructed from serial sections.) 


directly abutting on this canal and one of them 
is usually fertilised while all others degere- 
rate. The organization of the embryo sac 
shows no unusual features. 

Such haustorial elongation of the embryo sac 
has been met with in several species of angio- 
sperms of diverse families (vide Mahesh wari”) 
but it is significant that some of the most con- 
spicuous instances are found in members of 
parasitic families like Loranthacese? and 
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Santalaceze* in which the embryo sacs might 
even travel far into the style. 

The author’s thanks are due to Professor J. 
Venkateswarlu for his guidance. 
Dept. of Botany, R. L. N. Sastnrz. 
Andhra University, Waltair, 
September 12, 1956. 


1. Mirande, K., Ann. Sci. nat. (Bot.), 1905, 2, 181. 

2. Maheshwari, P., 4 /ntroduction to the Embryology 
of Angiosperms, McGraw-Hill Co.. New York, 1950, 

3. Paliwal, R. L., Phytomor phology, 1953, 4, 173. 


THE SPERMATOGONIAL CHROMO- 
SOMES OF RICGPA PUNCTATA 
(GMELIN) 

THE spermatogonial chromosomes of Riopa 
punctata consist of 24 elements which, as 
usual in reptiles, fall into two distinct cate- 


gories, i.e., macro- and micro-chromosomes 
(Fig. 1). The macro-chromosomes, 12 in num- 


FIG. 1. Polar view of Spermatogonial Metaphase, 
x 4,000 (approx.). 
ber, lie on the periphery of the equatorial 
plate and are V- or J-shaped, possessing, median 
and submedian spindle fibre attachment, res- 
pectively. The micro-chromosomes lie scattered 
in the centre of the spindle and are surrounded 
by the macro-chromosomes. The 12 micro- 
chromosomes comprise two small rod-shaped 
and ten dot-shaped elements, and all of them 
possess terminal spindle fibre attachment. The 
chromosome complement of the male karyotype 
of Riopa punctata is: 

12 V’s + 2R’s + 10D’s= 24 


This karyotype nearly resembles the fourth 
type of karyotype, described by Makino and 
Momma! for Eumeces latiscutatus, in the 
family Scincidz. The karyotype of Riopa 
punctata, however, differs from that of Eumeces 
latiscutatus in that it wants two rod-shaped 
micro-chromosomes. Riopa punctata possesses 
the smallest number of chromosomes ever re- 
ported from the family Scincide. 

Matthey’s ‘complexe scinco-lacertoide’, the 
formula for the members of the families Lacer- 
tide and Scincide, is not accepted by Naka- 
mura’ or by Makino and Momma.’ But so 
far as the karyotype of Riopa punctata is con- 
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cerned, it seems to fit.in the ‘complexe scinco- 
lacertoide’, formulated by Matthey.® 

My thanks are due to Prof. M. D. L. Srivas- 
tava for taking keen interest and guiding the 
above work. 
Dept. of Zoology, 
University of Allahabad, 
Allahabad, September 22, 1956. 


and Momma, E., Cytclogia, Tokyo, 


A. N. BHATNAGAR. 


1. Makino, S. 
1949, 15, 96. 

2. Nakamura, K., /did., 1931, 2, 385 

3. Matthey, R., Rev. Suisse Zeel., 1931, 38, 17. 


STABILITY OF VITAMIN A IN 
VANASPATI 

Unver the rules! currently in force, all Vanas- 
pati manufactured in the country is required 
to contain a minimum of 700 International Units 
of Vitamin A per ounce; synthetic vitamin A 
in the form of acetate or palmitate is being 
used for this purpose. Necessary precautions 
are being taken by the factories to ensure that 
their product contains the specified quantity of 
vitamin A at the time of manufacture. How- 
ever, as vitamin A, whether natural or syn- 
thetic, is somewhat prone to oxidative deterio- 
ration on prolonged storage, it was thought use- 
ful to ascertain how far the initial vitamin A 
potency of 700 I.U./oz. is retained by Vanas- 
pati after storage over a period of 6 months, 
in sealed containers at room temperature. 

To this end, six samples of Vanaspati were 
drawn from different factories, each of which 
was divided at source into eight 40z. portions 
which were packed in sealed containers. The 
six sets of samples were stored at room tem- 
perature (20-37°C.) over a period of 24 weeks. 
One sample from each set was examined at 
intervals of 4 weeks. The vitamin A content 
was determined by the conventional Carr-Price 
method after chromatographic separation of 
the vitamin on alumina. 

The results obtained are shown in Table I. 

TABLE I 

Vitamin A content (I.U./oz.) of Vanaspati 

stored upto 24 weeks 


Period of storage (weeks) % loss 
Initial after 24 
4 8 12 16 20 2% Weeks 


No. of 
sample 


561 20-2 
542 24-2 
552 21-5 
535 20-6 
528 22-7 


whore 
[--) 
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It is seen from Table I that the stor- 
age loss of vitamin A in Vanaspati, fortified at 
a_ level of 700 International Units per ounce, 
over a period of 6 months is of the order of 
20-25%. 

Directorate of Sugar S. S. Puarak. 

Vanaspati, Govt. of India, F. G. T. MeEnzes. 
New Delhi, September 14, 1956. 


1. Government of India, Ministry of Agriculture Noti. 
fication No. S.R.O. 78 0, dated the 2Ist October 
1950 (as amended). 


THE DEVELOPMENT OF FEMALE 
GAMETOPHYTE IN BIOPHYTUM 
SENSITIVUM (L.) DC. 
Mauritzon! in his embryological studies of 
Gruinales stated without the support of draw- 
ings, that the development of the female gameto- 
phyte in Biophytum sensitivum conforms to the 
Normal type. Thathachar? investigated the same 
species and reported an Allium type of embryo 
sac development in his paper on Oxalidacee. 
According to him the megaspore mother cell 
after the meiotic division results in the organ- 
isation of a dyad. The micropylar dyad cell 
divides vertically giving rise to two juxtaposed 
megaspores while the chalazal one directly 
develops into an 8-nucleate embryo sac of the 
Allium type. Recently while reviewing the 
bisporic embryo sacs Maheshwari® admitted 
with reservation the occurrence of a bisporic 
female gametophyte in the Oxalidacez. A re- 
investigation was, therefore, undertaken at the 
kind suggestion of Thathachar and the obser- 

vations are presented in this note. 

A hypodermal archesporial cell differentiates 
early in the ovular primordium (Fig. 1) and 
directly functions as the megaspore mother 
cell. After the first nuclear division during 
meiosis it gives rise to the dyad (Figs. 2-3). 
The micropylar dyad cell divides vertically 
while the chalazal one undergoes a transverse 
division resulting in a T-shaped tetrad of mega- 
spores (Figs. 3-7, 10-11). Frequently a verti- 
cal wall is not laid down in the upper dyad 
cell (Figs. 3-4). The three micropylar mega- 
spores degenerate and the chalazal one func- 
tions in the development of the embryo sac 
(Fig. 5). In one case two megaspores in a 
tetrad showed signs of further development 
(Fig. 6). Often there is a very early degene- 
ration of the upper megaspore derived from 
the chalazal dyad cell (Fig. 7). Such stages 


might have possibly led Thathachar to con- 
clude the development of embryo sac to be 
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megaspore mother cell. 


Fics. 1-14, Fig. 1. L.s. ovular primordium with hypodermal archesporium. Fig. 2. First division of 
Fig. 3. Nuclear division in the dyad cells. 


Fig. 4. T-shaped tetrad of megaspores. 


Fig. 5. Shows the functional megaspore with the three upper degenerated megaspores. Fig. 6. Two megaspores 


in a tetrad showing signs of further development. 
from the chalazal dyad ceil. 
beside a megaspo.e mother cell. 


Fig. 7. Early degeneration of the upper megaspore derived 
Fig. 8. Double archesporia! cells in the same ovalar primordium. Fig. 9. A dyad 
Fig. 10. Double tetrads of megaspores. Fig. 


1l. T-shaped tetrad of 


megaspores besiue a megaspore mother cell, Figs. 12-13. Stages in the development of the female gametophyte. 


Fig. 14. 


Occasionally double archesporial cells have 
been observed in the same nucellus. Both may 
develop further into tetrads of megaspores or 
one of them may lag behind (Figs. 8-11). 

The functional megaspore enlarges and be- 
comes vacuolate (Fig. 5). Its nucleus divides 
and the two daughter nuclei are pushed apart 
to opposite poles by the formation of a cen- 
tral vacuole (Fig. 12). After two more nuclear 
divisions the 2-nucleate embryo sac develops 
into an 8-nucleate embryo sac (Figs. 12-14). 
A fully organised female gametophyte remains 
in contact with the inner integument. The egg 
apparatus consists of two synergids with an in- 
dentation and an egg. The polar nuclei lie 
together near the egg. The antipodals are 
ephemeral (Fig. 14). The development of the 


A mature emoryo sac. 


Figs. 1-13, x 485. Fig. 14, x 323. 


female gametophyte, therefore, conforms to the 
Polygonum type. 

We are highly thankful to Professor K. N. 
Narayan for his constant encouragement and 
interest during the course of this investigation 
and to Mr. Thathachar for suggesting the prob- 
lem. Thanks are also due to Mr. M. V. S. Raju 
for having collected the material for us. 

Dept. of Botany, D. A. GOvINDAPPA. 
Central College, G. Borran. 
Bangalore-1, October 24, 1956. 


1, Megetiomn, J., Svensk Botanisk Tidskrift, 1934, 2B, 


2. Thathachar, T., /. /udian Bet. Soc., 1942, 21, 21. 
3. Maheshwari, S. C., Phytomor phology, 1955, 5, 67. 


404 Letters to' the Editor xe 
3. 
we 
Omg = ©) | / "A 

gray 
TI 
forn 
P 
qT 
int 
mis 

Rict 
syst 
4 cha} 


urrent 
ienge 


PA. 


4, 28, 


21. 
67. 


405 


REVIEWS 


The Mechanical Testing and Inspection of 
Engineering Materials. A Monograph by 
Dr. J. H. Lamble. (Cleaver-Hume Press 
Ltd., London), 1956. Pp. 460-98. Price 
3sh. 6d. 

In about 39 pages, Dr. Lamble has covered 
the fundamentals of testing, as can be carried 
out in a Strength of Materials Laboratory of a 
Technical College. The scope includes mechani- 
cal testing for production control as well as 
tests for obtaining design data. 

The monograph forms a chapter of a larger 
work on Workshop Technology, and has been 
reprinted for the use of those interested only 
in mechanical testing especially on a labora- 
tory scale. 

After briefly touching on the type of testing 
machines, their accuracy and scope, the author 
gives data for preparation of standard speci- 
mens based on the British Standards Specifi- 
cations. He covers the usual tensile, bending, 
impact, torsion and hardness tests especially 
with reference to ferrous samples. Fatigue 
tests also have been discussed as well as tests 
on creep at elevated temperatures. Photo- 
elastic tests and modern strain gauges have 
not however been included in this short mono- 
graph. 

There is a useful bibliography, and refer- 
ences given at the end of the monograph are 
bound to be useful for those requiring more in- 
formation on the subject. 

V. S. JAYARAMAN. 


Acridines. By R. M. Acheson, with a chapter 
by L. E. Orgel. (Interscience Pub.), 1956. 
Pp. 409. Price $12.5. 

This volume dealing with acridines is the 
ninth of the series of monographs on the che- 
mistry of heterocyclic compounds edited by 
Weissberger. Jt begins with a useful discus- 
sion of the present confusing position regarding 
the numbering of acridine. The arguments of 
Albert (The Acridines, 1951) in favour of the 
Richter system are refuted, and the Graebe 
system, used in Beilstein and in Chemical 
Abstracts after 1937, is adopted. The first three 
chapters give a detailed account of the methods 
of preparation and properties of acridines and 
acridones, special attention being paid to the 
aminoacridines in view of their antibacterial 
and antimalarial properties. Albert's book 


deals in greater detail with physical and bio- 
logical properties, but the present volume gives 
a fuller and better account of the chemistry of 
the acridines. There is, for instance, an excel- 
lent chapter on the acridine alkaloids, which 
only receive a passing mention in Albert’s book. 

Acridinium salts, reduced acridines, and bi- 
acridines are fully covered in two chapters. 
Dr. Orgel contributes a short chapter on the 
visible and ultraviolet absorption spectra of 
acridine and its derivatives. Benzacridines and 
more complex condensed acridines are surveyed 
in a chapter, which also unaccountably includes 
acridine dyes. The old and simple acridine dyes 
as well as the acridone vat dyes are discussed 
with references to the relevant literature. 
Indanthrene Yellow R and Blue 8GK are 
obsolete; the constitution given for the latter is 
erroneous. Indanthrene Pink BL and BBL 
should read as Brilliant Pink BL and BBL. 
- Weissberger’s series on heterocyclic com- 
pounds is a necessary addition to a chemical 
library, and the present volume is particularly 
valuable. 

K. V. 


Currents in Biochemical Research. By David 
E.. Green. (Interscience Publishers, New 
York), 1956. Pp. xvi+ 697. Price $10.00. 


Ten years ago Dr. Green published “Currents 
in Biochemical Research”, after the remarkable 
success achieved by his earlier publication in 
1937 of ‘Perspectives in Biochemistry’, a book, 
which was dedicated to the late F. G. Hopkins 
on his 75th birthday. The cordial reception 
given to these earlier publications by biologists, 
chemists, biochemists and clinicians coupled 
with the fact that tremendous advances had 
been made during the last decade in various 
fields of biochemical research has encouraged 
him to edit the present volume under review. 
A distinguished group of twenty-seven contribu- 
tors drawn from United States as well as from 
other countries has contributed these essays 
and they have been so well written as to give 
the “non-specialists an overall impression of 
the present status of the significant problems 
in each field, to point up the broad strategy 
of current research and finally to speculate on 
the likely paths of research”. Among the sub- 
jects dealt with may be mentioned the follow- 
ing: chemistry and viral growth, photosynthesis, 
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bacterial fermentations, hormones, problems 
of cellular biochernistry, enzyme complexes, 
hzmoprotein reactions, protein structure, nucleic 
acids, porphyrins, interconversion of sugars and 
an integrated concept of carcinogenesis. 

H. A. Barker in his article on bacterial fer- 
mentations has dealt with various fermentation 
patterns and has described how research in 
recent years on this subject has shifted to the 
analysis of the chemical mechanisms of fer- 
mentations since anaerobic bacteria provide 
relatively simple and convenient systems for 
the study of metabolic processes. E. E. Snell 
has considered some aspects of vitamin and 
growth factor research including that of his 
own on vitamins of the B, group, folic and 
folinic acids, pantetheine, biocytin, vitamin B,. 
and lipoic acid. Spigelman and Campbell in 
their article on induced enzyme formation have 
described various experiments which strongly 
implicate ribonucleic acid as the template in 
the process of enzyme synthesis, while Gregory 
Pincus in his article on the hormones has out- 
lined those areas of hormone research where 
the available information is scanty and where 
research workers can reap a rich harvest by 
intensive investigations. C. F. Cori, the Nobel- 
Laureate, has written on problems of cellular 
biochemistry, while Fritz Lipmann, another 
Nobel-Laureate, has posed certain basic bio- 
chemical questions and has indicated the prob- 
able directions in which the answers can be 
found by future investigators. H. R. Mahler, 
in his article on enzyme complexes and 
complex enzymes, has given a very lucid 
account of the work on various metallo- 
flavoproteins, hzmofiavoproteins and _ the 
electron transferring flavoprotein. This is fol- 
lowed by quite a number of excellent articles 
on enzymes, such as enzymes as reagents 
by E. Racker, relation between prosthetic 
groups, coenzymes and enzymes by H. Theo- 
rell, enzyme substrate compounds and electron 
transfer by Britton Chance and enzyme kine- 
tics by R. A. Alberty. So also in the field of 
proteins and nucleic acids there are a good 
number of fascinating articles contributed by 
such noted authorities as J. T. Edsall, F. San- 
ger, W. E. Cohn and F. M. Huennekens, while 
special articles relating to blood by D. M. Sur- 
genor, nerve activity by D. Nachmansohn and 
I. B. Wilson and carcinogenesis by H. P. Rusch 
belong to a different category altogether and 
deserve careful reading. 

On the whole, the Editor has done exceedingly 
well in compiling these twenty-seven well 
written essays, representing the main currents 
in biochemical research. He has, however, in 


Science 
all modesty denied himself the privilege of 
contributing an article from his own pen and 
has confined himself to only a few remarks 
in the preface. Dr. Green’s contributions during 
the last decade constitute one of the main cur- 
rents of biochemical research if not the most 
important of them all, and everyone would 
have relished reading his authoritative account 
of the same. Even so, the volume will be found 
to be an extremely valuable possession by one 
and all interested in biochemical teaching or 
research in the various fields of scientific endea- 
vour. 

P. S. SARMa. 


Coimbatore Canes in Cultivation. Second Edi- 
tion. By N. L. Dutt and J. T. Rao. (Indian 
Central Sugarcane Committee), 1956. Pp. 126. 
Price Rs. 25. 

The second revised and enlarged edition 
under review will no doubt serve a useful pur- 
pose by providing readers an up-to-date trea- 
tise on the subject. Of particular importance 
is the inclusion of chromosome numbers and 
epidermal patterns of stem as also two keys for 
varietal identification—one based on stem epi- 
dermal patterns and the other on morphologi- 
cal character. While these have greatly en- 
hanced the value of the publication for both 
laboratory and field workers, certain inaccura- 
cies have unfortunately crept in, e.g., the dis- 
crepancy in colour of B.O.21 as stated in the 
key (p. 12) and depicted in Plate XVIII, re- 
ferences to gur areas of North Bihar (p. 56), 
which have hardly any existence and resist- 
ance of Co. 453 (p. 64) and B.O.11 (p. 97) to 
red rot. Certain vague statements are also 
made, such as resistance of Co. 244 (p. 31) to 
insects without reference to the species involv- 
ed, when quite a few are known to be major 
pests of sugarcane. Some important emissions 
are similarly noticeable, there being no men- 
tion of the high susceptibility of Co.513 to 
Smut (p. 72). Varieties occupying large areas 
of 1 to 2 lakh acres do not find a place in the 
map appended. Needless repetition of the same 
matter while describing parentage of several 
varieties could also have been avoided with 
advantage. Similarly, in the absence of infor- 
mation regarding the number of root eyes in 
the two sets of standards used (Co. 205, Co. 213, 
Hemja and Chunnee on the one hand and 
E.K. 28, 247B, POJ 2878, Purple Mauritius and 
Pundia on the other), the reader fails to get 
any idea of the same in case of the different 
varieties described. Outmoded nomenclature 
in respect of certain parts of the sugarcane 
plant, such 4s ‘Joint’, ‘ligular process’ and 
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transverse mark’, equivalent respectively to 
‘internode’, ‘auricle’ and ‘dewlap’, could like- 
wise have been avoided. In fact, the simulta- 
neous use of the two sets of terms is, at times, 
apt to be confusing. The book would have 
gained in value if a list of Coimbatore canes 
along with their immediate parentage and 
years of release were appended. 

The publication, on the whole, is informative 
and fills a real gap, providing as it does all 
available details with regard to morphology and 
agricultural performance of important commer- 
cial canes. The get-up and printing are excel- 
lent which no doubt account for the rather 
high price of the book. 

K. L. KHANNA. 


The Disposal of Sewage. Third Edition, Revised. 
By T. H. P. Veal. (Chapman & Hall, Lon- 
don), 1956. Pp. 208. Price 30sh. net. 

The first edition of this book was published 
in 1927 with the object, as stated in the pre- 
face, of presenting “the subject in a manner 
suitable for students or those who wish to 
acquire the main principles without unneces- 
sary detail”. During the last three decades 
considerable developments have taken place in 
the field of sewage treatment, and the book 
has also been accordingly revised, but it re- 
mains designed essentially for those desirous 
of acquiring a knowledge of the principles and 
practice of sewage disposal. Considering the 
very large volume of literature on the subject, 
the author has done very well indeed to pro- 
duce a small, readable volume which will be 
found most useful by students, sanitary inspec- 
tors and engineers. 

In the eleven chapters of this book, the fol- 
lowing aspects are successively dealt with: 
introductory and historical; quantity of sew- 
age; analyses of sewage and their meaning ; 
preliminary processes; settlement processes ; 
bacteria beds; bio-aeration tanks; disposal of 
Sludge; treatment of trade waste (which is 
a new chapter in this edition); lay-out and 
construction of sewage disposal works; and 
sewage disposal in rural districts. There is an 
appendix on the sewage disposal scheme for a 
town of 50,000 inhahitants. The illustrations 
(73) included are most helpful. Throughout 
this account, which is lucid and concise, very 
valuable information particularly of practical 
interest is given. The sewage disposal schemes 
proposed for a country house containing from 
five to twenty persons and for a small village 
with a population of about 400 deserve the 
notice of authorities in charge of rural sanita- 
tion in our country. 
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The account would have been still more in- 
teresting if it contained a little more informa- 
tion on the micro-organisms in sewage purifi- 
cation systems. The purification is brought 


about by micro-organisms which, as Duclaux 


described them many years ago, “are the im- 
portant, almost the only, agents of universal 
hygiene”. Further advances in the field seem 
te depend not so much on the mechanical 
equipment associated with the purification sys- 
tem but on the scientific knowledge of the 
underlying principle of the purification pro- 
cess. The statement on p. 171, “Dissolved Oxy- 
gen must not exceed 6 parts per 100,000” is 
not clear. 

The book is very well produced and the 
typography excellent, and it will be welcomed 
by those interested in sanitary science. 

S. C. Prat. 


Books Received 


Physiology of Voluntary Muscle—British Medi- 
cal Bulletin, Vol. 12, No. 3. (Published by 
the Medical Department, The British Coun- 
cil, 65, Davies Street, London, W.1), 1956. 
Pp. 161-236. Price 15 sh. 

Chemistry of Carbon Compounds (Aromatic 
Compounds), Vol. 3. Edited by E. H. Rodd. 
(Cleaver-Hume Press, Ltd., London W.8), 
1956. Pp. 687-1670. Price £8 10 sh. 

Proceedings of the First Congress on Theoreti- 
cal and Applied Mechanics, November 1-2, 
1956. (Indian Society of Theoretical and 
Applied Mechanics, Kharagpur), 1956. 
Pp. viii + 284. Price Rs. 15. 

From Microphone to Ear—Modern Sound 
Recording and Reproduction Technique. By 
G. Slot. (M/s. Philips Electrical Co., Ltd., 
7 J. C. Madhab Road, Calcutta-20), 1956. 
Pp. 180. Price Rs. 9-8-0. 

Some Protozoan Diseases of Man and Animals— 
Anaplasmosis, Babesiosis and Toxoplasmosis, 
Vol. 64. By C. Cole and 19 other authors. 
(Annals of the New York Academy of 
Sciences), 1956. Pp. 250. Price $3.50. 

Effects of Natural Selection of Human Geno- 
types, Vol. 65. By L. D. Dunn, Howard 
Levene and R. B. McConnell. (Annals of the 
New York Academy of Sciences), 1956. 
Pp. 32. Price $ 1.25. 

Epidemic and Endemic Diarrheal Diseases of 
the Infant, Vol. 66. By E. Neter and 54 other 
authors. (Annals of the New York Academy 
of Sciences), 1956. Pp. 300. Price $ 3.50. 

Crop Pests and How to Fight Them. (The 
Directorate of Publicity, Government of 
Bombay, Bombay), 1956. Pp. v + 204. Price 
Rs. 2. 
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PROGRESS IN NUCLEAR ENERGY’ 


T the Geneva Conference on the Peaceful 

Uses of Atomic Energy, a wealth of infor- 
mation was presented some of which prior to 
the Conference was classified. All papers that 
were presented there together with the pro- 
ceedings have now been published by the 
U.N.O. in sixteen volumes. As is bound to 
happen, the information here is all scattered 
and is often repeated. Need for a coherent 
account of the results made- available at the 
Conference was therefore greatly felt and the 
Editors of “Progress in Nuclear Energy” have 
done a very useful job in bringing out this 
series. Series 1 deals with Physics and Mathe- 
matics, and Volume ! of this series has recently 
come out with forewords by Sir John Cock- 
croft and V. F. Weisskopf. Most of the chap- 
ters in this volume are survey articles by dif- 
ferent authors, based upon numerous papers 
presented by various countries. A few papers 
which were complete in themselves have been 
directly reproduced. 

The first chapter deals with the thermal 
neutron cross-section data for U?33, U235 and 
Pu?39, Drawing upon the experimental results 
of various laboratories, particularly in France, 
U.K., U.S.A. and U.S.S.R., the authors have 
given curves for fission and absorption cross- 
sections as functions of neutron energy. Mea- 
surements on the values of 7 (number of neu- 
trons produced per thermal neutron absorbed) 
and » (number of neutrons produced per fis- 
sion) have also been included in the chapter. 
The second chapter summarizes the present 
state of knowledge on the neutron resonance 
levels of fissile nuclei, U?33, U235 and 
Pu?239 in the energy range 0-50ev. All observed 
resonances have been carefully analysed and 
the resonance parameters tabulated. The data 
presented in these two chapters is mainly 
drawn from the Geneva papers and unpub- 
lished reports, and should be of great use to 
both theoretical and experimental physicists. 
In the third chapter Bethe analyses theoreti- 


* Progress in Nuclear Energy, Series 1, Physics and 
Methematics, Voi. I. Edited by Charpie, Hughes, 


Horowitz and Littler. (Pergamon Press, London), 1956, 
Pp. x + 398, Price 84 sh. 


cally the neutron resonances in non-fissile and 
and fissile materials under various assumptions 
and compares these with experiment. 

Other good survey articles are on the tech- 
niques for measuring elastic and inelastic scat- 
tering cross-sections, neutron capture  cross- 
section in Xe1%5, resonance capture integral 
and delayed neutrons from the fission of U233, 
U235, U238, Th232 and Pu239, Needless to say, 
apart from their intrinsic interest, a knowledge 
of the quantities discussed here is of great im- 
portance in reactor calculations. 

The last four articles discuss the theory and 
try to compare the results of calculations with 
experiment for various types of reactors. The 
first of this series is on homogeneous reactors. 
Because of the possibility of breeding in such 
reactors, they have acquired special import- 
ance and the various theoretical and experi- 
mental results discussed here should be of in- 
terest to reactor physicists. Fast reactors are 
discussed in the next chapter and probably this 
is the only comprehensive account on such re- 
actors available in print. In chapter 10 Fein- 
berg discusses a method for calculating the 
critical mass for a small heterogeneous re- 
actor. This method should be particularly use- 
ful for reactors using enriched fuel and when 
all fuel rods are not of the same dimensions 
or may in fact be of different materials. Highly 
enriched assemblies in which fission is caused 
mainly by neutrons of intermediate energy 
rather than by those of thermal energy, are 
discussed in the last chapter. Here also not 
much published literature is available on this 
subject outside this report. : 

Some important topics, like exponential 
experiments, measurements of diffusion length 
and slowing down age; neutron cross-sections 
for fissile materials in the high energy range 
have not found a place here and it is hoped 
that they will be fully discussed in subsequent 
volumes of series I. The book on the whole 
presents very important data and methods for 
making calculations on various types of reactor 
assemblies. It would prove extremely valuable 
to reactor physicists. 

K. S. 
L. S. Korart. 
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SCIENCE NOTES AND NEWS 


Intertrappean Fossil from Near Bombay 


Messrs. R. N. Sukheswala and D. N. Elchi- 
dana, Department of Geology, St. Xavier’s Col- 
lege, Bombay-1, have reported for the first 
time the occurrence of fossil fishes in the inter- 
trappean beds near Dongri of the Salsette 
Island, Bombay. The fossils are very imper- 
fectly preserved; and according to the late 
Dr. S. L. Hora who examined three of these 
specimens,—they represent the suborder 
Percoidei, and probably belong to the family 
Apogonidz which ranges in time from the 
Eocene to Recent. 


Blue Peroxy Chromic Acid 


Sri. Ram Chandra Rai, Chemical Labora- 
tories, Saugar University, Sagar, M.P., reports 
that blue peroxy chromic acid has been pre- 
pared even without the addition of acids. An 
aqueous solution of 5% potassium dichromate 
was cooled in ice, and to this ice-cooled hydro- 
gen peroxide was added which gives a black 
substance. If to the above mixture 5% ice- 
cooled aqueous solution of AgNO,, BaCl,, 
Fe,(SO,),, SnCl,, SnCl,, uranium nitrate, zir- 
conium nitrate, thorium nitrate, cerous sul- 
phate or ceric sulphate was added, the blue 
peroxy chromic acid was formed which can 
be separated with ether from the aqueous 
layer. The blue peroxy chromic acid could 
not be obtained if, in place of the above, salt 
solutions of SrCl,, MgCl,, Ni(NO 
Co(NO,)., ZnSO, MnCl, Pb(CH,;COO)>, 
HgCl,, CuSO, and gold chloride, aluminium 
chloride, thallous and thallic nitrates were 
added. 


Miniature Batteries for Scientific Apparatus 


National Carbon Company, India, announce 
they are now in a position to manufacture a 
variety of miniature batteries, including seve- 
ral types of medium and high voltage batter- 
ries, using the ‘Eveready’ ‘Mini-Max’ flat-cell 
construction. Users of electronic equipment 
such as Radiation Detectors and Monitors, Cos- 
mic Ray Research Equipment, portable Seismo- 
graphs, etc., etc., who wish to avoid the re- 
current delay, inconvenience and expense of 
importing batteries for their equipment, are in- 
vited to communicate their battery require- 
ments to the Development Engineer, National 
Carbon Co. (India), Ltd., P.O. Box 2170, Cal- 
cutta, giving pertinent information on the size 
of battery, voltage, available compartment 


space, maximum permissible weight, and if pos- 
sible, the brand and type number of the origi- 
nal battery component. National Carbon Com- 
pany can then recommend suitable replace- 
ment batteries. Should it not be feasible to 
manufacture equivalent batteries in India, the 
Company may be able to assist users in ob- 
taining the required batteries more readily from 
abroad. 


Origin of Salt in Rajasthan 


Discussing the various theories which have 
been proposed to account for the vast accumu- 
lation of salt in Rajasthan (N.-W. India), 
T. R. Seshadri and G. M. Sakena, Depart- 
ment of Chemistry, Delhi University, observe in 
a recent paper (J. Sci. Indust. Res., 1956, 15 A, 
p. 505) that it may be attributed to the 
underground flow of water from the north and 
north-west areas which were originally cover- 
ed by sea and hence are rich in salt. The 
underground streams not only get laden with 
salt, but in their passage through certain areas 
suffer base exchange losing potassium, magne- 
sium and bromide ions. These elements, nor- 
mally present in sea-water, are found in deep 
well-waters of the areas mentioned above but 
are absent in the Sambhar and Didwana brines. 
The presence of carbonates and sulphates of 
sodium in Sambhar and Didwana brines is 
attributed to the lime and gypsum strata in 
the areas through which the brine has to pass. 


Chemical Effect of Gene Mutation 


During the recent meeting of the British 
Association at Sheffield, Dr. V. M. Ingram, of 
the Medical Research Council’s unit at the 
Cavendish Laboratory, Cambridge, showed for 
the first time how a mutation in a single gene 
can modify chemical structure in a substance 
in the body for which that gene is respon- 
sible. 

The gene is that of sickle-cell anemia, com- 
mon mainly among Negroes. When inherited from 
only one parent it is believed to provide some 
degree of protection against malaria presum- 
ably because the blood cells of those so affect- 
ed afford a less good supply of oxygen to 
malaria parasites. When inherited from both 
parents it causes severe anzemia, and few so 
affected survive to maturity. The fact that 
sickle-cell anzmia is determined by mutation 
in a single gene has been shown earlier in the 
United States. 
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Dr. Ingram’s contribution has been to show 
that there is a chemical difference between 
hemoglobin of normal individual and those 
with sickle-cell anemia, people with the inter- 
mediate condition having probably a mixture 
of hemoglobins. He has done this by breaking 
down the complete protein, which is hzemoglo- 
bin, into 30 fragments and separating these as 
spots on a sheet of filter-paper by the well 
known method of chromatography. Twenty- 
nine of the spots fell in the same positions in 
both cases. The thirtieth spot fell in different 
positions, according to whether the haemoglobin 
was from a normal individual or one with 
sickle-cell anzmia. The fragment of the pro- 
tein molecule which this spot represented is 
therefore chemically distinct in the two cases. 
It is probably a chain containing some 10 or 
so amino-acids, but its exact composition in the 
two cases is yet to be determined. 


Bulletin of Polish Medical History and Science 


The inaugural number of the above Journal 
has just been issued. Explaining its aims and 
objects, Dr. Alexander Rytel, Editor-in-Chief, 
observes that the hostilities of 1939-45 left 
Poland the most devastated country in the 
world and annihilated the works of generations 
of scientists. But medical centres have since 
been reconstructed and rehabilitated, and the 
Polish Medical Alliance seeks to present to the 
English-speaking physician the outstanding re- 
search works, both past and present, along with 
a résumé of the accomplishments of Polish 
medicine. The Journal has been very attrac- 
tively produced, and contains sections devoted 
to original articles, abstracts of Polish Medical 
Literature and List of Articles published in the 
Polish Medical Press. Issued by the Polish 
Medical Alliance, its Editorial and Business 
Office is located at: 2424 North Kedzie Blvd., 
Chicago-47, Illinois, U.S.A. The Journal has 
our heartiest good wishes. 


The Royal Society and Nuffield Foundation 

Commonwealth Bursaries Scheme 

The Royal Society of England awarded a 
bursary under the above scheme to Dr. Vetury 
Ramakrishna Rao, Reader in Physics, Andhra 
University, Waltair, to study under Prof. J. T. 
Randall, the latest techniques in microspectro- 
graphy at King’s College, London, for a period 
of three months. 


IX Indian Pharmaceutical Congress 


The Ninth Indian Pharmaceutical Congress 
will be held in Calcutta from January 6-Janu- 
ary 9, 1957. The Congress is being jointly 
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[ Current 
organised by the Indian Pharmaceutical Con- 
gress Association and the Indian Pharmaceuti- 
cal Association. The Executive Committee of 


‘the Congress has decided to devote the Con- 


gress to the formulation of a Five-Year Plan 
for the Pharmaceutical Industry. The Con- 
gress will have the following sections: Profes- 
sional Development; Pharmaceutical Education, 
Distribution of Drugs, Pharmaceutical Indus- 
try, Drugs Control Legislation, Hospital Phar- 


macy, Pharmaceutical Chemistry, Ayurvedic 
Section, Pharmacology, Pharmacy and Pharma- 
cology. 


A Pharmaceutical Exhibition is also being 
organised concurrently with the Congress. Fur- 
ther details can be obtained from Mr. A. Mc- 
Gee, 2, Heysham Road, Calcutta-20. 


Symposium on Raw Hides and Skins Curing 
and Preservation 


A symposium on Raw Hides and Skins— 
Curing and Preservation is to be held at the 
Central Leather Research Institute by the end 
of January 1957. The scope of the symposium 
has been made particularly wide to facilitate 
the improvement of the quality and availabi- 
lity of raw hides and skins fetching better 
prices for the raw stock as well as the finished 
leathers. Further particulars about the sym- 
Pposium can be had from: The _ Assistant 
Director-in-Charge, Central Leather Research 
Institute, Madras-20. 


Symposium on Coal Carbonization 


A symposium on Coal Carbonization is to be 
held at the Central Fuel Research Institute in 
the middle of March 1957. Those intending to 
participate in the symposium are requested to 
send a short summary running upto 200 words 
before 15th January 1957. Further particulars 
can be had from: The Director, Fuel Research 
Institute, Jealgora P.O., Manbhum Dist., Bihar. 


Award of Research Degree 


The Andhra University has awarded the 
D.Sc. Degree in Geophysics to Sri.-V. P. Subrah- 
manyam for his thesis entitled, “Study of the 
Water Balances of India and the Vicinity from 
Climatic Data”’. 

The Utkal University has awarded the Ph.D. 

Degree in Zoology to Sri. P. N. Chatterji for 
his thesis entitled, “Studies on Some Indian 
Trematodes”’, 
. The University of Poona has awarded the 
Ph.D: Degree in Chemistry to Shri K. P. Sinha 
for his thesis entitled, “The Theory and Mechan- 
ism-of Solid-Solid Reactions”. 
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= Laboratory Heating Equipment developed by 
ELECTROTHERMAL ENGINEERING LTD., LONDON, 

provide the ideal means of heating substances safely, efficiently, economically. 

in Uniform distribution of heat makes accurate temperature control easy 
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(Patented) Heating Mantles 
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Soxhlet Extraction Apparatus 
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When you require 
MEASURING INSTRUMENTS & PRECISION TEST-GEAR 
for different purposes 

make it a point to contact us 


We supply: 

Moving Coil Movements for Voltage or Current Measurements in any 
range, RF Signal Generators, RC Audio Generators, Marconi Test Instru- 
ments and other Testing Equipment. 


We can also design to your requirements : 
Oscillographs, Signal Generators, Rectifier Units, Power Supply Units. 


State your detailed requirements and get our quotations 


WE HAVE BEEN DESIGNING AND SUPPLYING TO THE MARKET VARIOUS ELECTRICAL AND 
ELECTRONIC EQUIPM<NT FOR OVER 15 YEARS PAST. 


GUARANTEED SERVICE PROMPT ATTENTION 


RADIO ELECTRIC (Private) LTD. 


2B, LAMINGTON CHAMBERS, LAMINGTON ROAD, BOMBAY 4 


ZOOLOGICAL SPECIMENS 
AND 
BIOLOGICAL REQUIREMENTS 
OF THE 


LABORATORIES 
AND 


INSTITUTIONS 


* 
Consult : 


Bombay Biological House 
Dealers in Zoological Specimens 
119, Hindu Colony, Dadar, Bombay 14 
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ENDECOTTS FILTERS LTD. 
Laboratory Test Sieves, Metal Gauze Filters 
Sieve Shaking Machines 
1, Laboratory Test Sieves as per B.S.S. & 

A.S.T.M. Specifications 
2. ** Pocket Interchanger Sieves. 
3. “Endrock’’ Test Sieve Vibrator, 
Accredited Agente: 


UNION SCIENTIFIC SYNDICATE 
*“DEVKARAN MANSION” 

POST BOX No. 2484, 71, PRINCESS STREET, BOMBAY-2 
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no more #4 the muhannad 


F IRDAUSI’S EPIC POEM, Shah-Namah tells 
us that when Alexander invaded Persia in 
331 B.C., swords and other weapons of 
steel were hurriedly sent for from India. 
Throughout the civilized world India was 
famous as the home of quality steel. In 
fact, the old Arabic word for “sword” is 
“muhannad”, meaning “from Hind?’ 


7 Today, once again, steel 
is very much to the fore 
in the nation’s thinking, 
but with a different 
intent. The country’s 
steel-making capacity is 
being rapidly enlarged, 

not for purposes of war, but 

for peace and development. 


CURR 


. SCl., DECEMBER "1956 


i 
| 
My, | 
| § 
\ 
SERVES THE NATION | 
{ 
& 
2 


A Really Dependable Balance for Degree 
Classes and Research Laboratories 


Sensitiveness  1/10th mg. 
Capacity .. .. 200 gm. 
Fitted.on § thick glass base Price: Rs. 325/- 


Catalogue on Request 
Manufactured by: 


Keroy (Private) Ltd. 


BANARAS CANTT. CALCUTTA 10 


BOROSIL 


LABORATORY GLASSWARE 


such as 
FLASKS, BEAKERS, CONDENSERS. 
MEASURING FLASKS, MEASURING 
CYLINDERS, PIPETTES & ANY 


SPECIAL APPARATUS MADE TO 
DESIGN 


and 


PENICILLIN VIALS, VACCINE BULBS— 
WHITE & AMBER 


ALL OTHER APPARATUS & EQUIPMENT 
MANUFACTURED TO CLIENT'S DESIGN 


INDUSTRIAL & ENGINEERING 


APPARATUS CO. (PRIVATE) LTD. 
CHOTANI ESTATES, PROCTOR ROAD 


(WATER OR OIL) 


Various sizes and iemperature ranges for 
general laboratory work. Maximum dimen- 
sions Maximum tempe- 
rature upto 300° C. Accuracy of control 
to within + 0-°05° C. Efficient Stirring, 
with glass walls on two sides for good 
visibility, and metal framework for strength. 
Switch-board and control box atiached fo 
one of the sides. 


Entirely Our Manufacture 


For full particulars, please write to: 
THE GENERAL 
ENGINEERING AND SCIENTIFIC CO. 


WALTAIR, VISAKHAPATNAM-3 
(Ss. INDIA) 
Technical Adviser : 
Dr. |. RAMAKRISHNA RAO 
M.A., Ph.D. (Cal.), D.Sc. (Lond.) 


—RELIABLE HOUSE FOR— 
* LABORATORY GLASSWARES 
(Plain and Graduated) 


THERMOMETERS & HYDROMETERS 
(Various ranges) 


% LABORATORY PORCELAINWARES & 
SILICAWARES 


NICKEL AND PLATINUMWARES 
* WHATMAN FILTER PAPERS 
* MICROSCOPES & ACCESSORIES 


BALANCES, TINTOMETERS, AEROGEN 
GAS PLANTS AND OTHER INSTRU- 
MENTS REQUIRED BY CHEMICAL 
LABORATORIES 


Contact: 


UNIQUE TRADING CORPN. 
51-53, Babu Genu Road 
BOMBAY 2 


Gram: ‘UNILAB’ 


4 | STATIC 
| Short Beam | | 
| 
| 
| No. Ki 
| | 
i] 1] 
| | 
| 
| | 
| 
| 
| 
| 
| | 
| 
7, 
tee GRANT ROAD, BOMBAY 7 _ Phone: 30011 
all 
wes CURR. SCI., DECEMBER 1956 


For standard of quality 
always insist on 


OSTER’S PRODUCTS 


® MINERAL ACIDS, Tech., B.P., C.P., AR. 
* LIC. AMMON. FORT, all grades 

® ACCUMULATOR ACIDS, S.G. 1840 
® DISTILLED WATER, Single, Double | 
® LABORATORY CHEMICALS, ETC. | 
® DISINFECTING FLUIDS, Dingi Brand | 


Manufactured by: 
OSTER 
CHEMICAL & PHARMACEUTICAL 
WORKS (Private) LTD. 


Reg. Office: 
708, Manson CALOUTA GHARPURE® 0. 
Bagmari Road, CALCUTTA P36, ROYAL EXCHANGE PLACE 


Esto., 1922 Gram : JABAKHARA 


EXTENSION CALCUTTA 
GRAM: MEENAMO PHOWE: 22-2061 


MADE IN INDIA 
HIGH VACUUM ROTARY PUMP 


Single Stage & Two Stage | Laboratory Furnishers 
Suitable for Laboratory use and Dbun en. Vi aia 
similar in performance to those made Mansion, Vincent » Dadar 


in Sormey, England & U. S. A. | BOMBAY 14 

Available Ex-stock 

® ‘QUICKFIT’ Interchangeable Ground Glass 
Joint Assemblies 

®@ ‘CAMBRIDGE’ pH METERS; Bench pat. Portable 
pat. & Direct Reading Model & all types 
of Electrodes 

© CAMBRIDGE DIAL THERMOMETERS 

@ MEMMERT GERMAN ELECTRIC OVENS 

®@ IKA GERMAN ELECTRIC STIRRERS 

ROTOFIX ELECTRIC CENTRIFUGES 

® AEROGEN PETROL GAS PLANT, Etc. 


LABORATORY GERMAN REFRIGERATORS 


| © GERMAN TEMPERATURE INDICATORS 
All indian Materials © GLASSWARE “PYREX’, ‘JENA’ & WESTGLAS 
and Constructions. 


Basic & Synthetic Chemicals (Private) Ltd. 
O. Jadavpur College, Calcutta-32 


iS one 
‘ 
for | = 
en- 
pe- 
rol 
ng, 
od : 
ith. 
to 
Grams: ‘LABFURNISH’ Phone : 62761 
& 
N 
j- 
\L 
1} 
Motilal Mamsion, Kapasia Bazar | 
AHMEDABAD 2 


INJECTABLES — Safe and Dependable 


TRADE MARK 

A wide range of parenteral preparations for meeting the growing requirements 
of the Medical Profession are now being processed in our Laboratories. They are 
made from Standard Chemicals employing double distilled and PYROGEN FREE 
water. Their containers (Ampoules) undergo rigid neutrality tests before they are 
selected for use. These Injectables are therefore guaranteed to be absolutely 
safe and dependable. 


The following are but a few of our well-known Injectables : 


RETICULIN .. A Potent extract of Liver 

@ HEXOPURIN .. .. .. An urinary Antiseptic 

@ CALCITOL .. «+ «+ Injectable Calcium Gluconate 
@ BEVITAMIN oe Vitamin B, 

@ CEVITAMIN Vitamin C 

@ GLUCOSE SOLN... .. .. Pure Dextrose 


The Mysore Industrial & Testing Laboratory Ltd. 


Malilieswaram P.O., Bangalore 3 


Bengal Chemical and Pharmaceutical Works, Ld. 
The Largest Chemical Works in India 


Manufacturers of Pharmaceutical Drugs, Indigenous Medicines, 


Disinfectants, Tar Products, Road Dressing Materials, etc. 


ceutical and Research Chemicals. 
Surgical Sterilizers, Oxygen 


Accessories. 


Gas Plants, Laboratory Furniture and Fittings. 
Fire Extinguishers, Printing Inks. 


Office: 6, GANESH CHUNDER AVENUE, CALCUTTA-13 


CURR. SCI., DECEMBER 1956 


Perfumery, Toilet 
and Medicinal Soaps, Surgical Dressings, Sera and Vaccines, 


Ether, Chloroform, Mineral Acids, Ammonia, Alum, Ferro-Alum, 
Aluminium Sulphate, Sulphate of Magnesium, Ferri Sulph., 
Potassium Permanganate, Caffeine and various other Pharma- 


Apparatus, Distilled Water Stills, 
Operation Tables, Instrument Cabinets and other Hospital 


Chemical Balance, Scientific Apparatus for Laboratories and 
Schools and Colleges, Gas’ and Water Cocks for Laboratory use, 


| 
| 
| 
| | 
| | 
| 
| 
| 
ate | | 
4 | 
: | 
| | 
| | 
| 
| 
i 
| 
| 
| 
| 
| 
i} 
| 
ee Factories: CALCUTTA - BOMBAY - KANPUR | 


| 

BAUSCH & LOMB | 

| 

| 

| | 
| 

H | 

| | 

| 

The Bausch & Lomb Euscope is an ingenious instrument which converts a | 

| monocular laboratory microscope with substage condenser into a table | 

model micro-projector 

i 

* Indi vidual observation with both eyes i 

* Micro-proyection before small groups 

* Photomicrography with complete simplicity 

Manufactured by the 

BAUSCH & LOMB OPTICAL COMPANY | 

ROCHESTER, N.Y., U.S.A. | 

_ Sole Agents 

MARTIN & HARRIS (PRIVATE) LTD. | 

SAVOY CHAMBERS, WALLACE STREET 

BOMBAY 1 


i 


CURR, SCi.. DECEMBER 1956 


| 
= — 


A VALUABLE INSTRUMENT 
CHEMICAL ANALYSIS 


UNICAM SP 1400 ABSORPTIOMETER 


| 
t offers rapid and accurale determination of colorimetric 
estimations within the visible range of the spectrum. The use of 
| a glass prism allows the operator to select instantly any wave- 
| length from 400-700 millimicrons with a band width that shows 
| a marked improvement on that of conventional filter type 
colorimeters. The wavelength setting is exactly reproducible. 
Reactions in which colour changes occur may be followed readily 


by using the continuous spectrum offered by the prism. 
| 


Sole Distributors: 


THE SCIENTIFIC INSTRUMENT CO., LTD. 


| ALLAHABAD BOMBAY CALCUTTA MADRAS NEW DELHI 


CURR, SCI., DECEMBER 1956 THE BANGALORE PRESS 


we 
if 
| 
~ & 
ding? 
« 
| 
| 
4 
es, 
| 
‘ i| 
: 


: 


} 

J 
>t) 
a 

| 

H 

Gh 

Wind 
| | 

4 

ad 


=. 


Supplement to Current Science 


Current Science, Vol. XXV, 1956 


Author Index 


Pace 


Pace 


ABHYANKAR, S. G.—see also Patel, M. K. 299 Cuacravarti, A. S.—see also Srivastava, 

—see also Thirumalachar, M. J. D. P. 302 
Advani, (Miss) M. K. and Gatha,K.M... 53 Chandrasekaran, K. .. 388 
Agarwal, B. K. mp -- 112 Chandrasekaran, K. S. (Rev. ) .. 66 
Agarwal, R. A. 26, 129, 332 Chandrasekharan, P.—see also Raman, 

Agarwal, S. K. 84 Vv. S. 64, 195 
Ahluwalia, Y. K.—see also Mehta, A.C. 367 Chandrasekariah, P—see also Seth, R.N. 92 
Ahuja, M. R. and Johri, B. M. -- 162 Chandrasekhar Aiya, S. V. (Rev.) .- 339 
Alam, M. N.—see also Trivedi, J. P. .. 89 Chatterjee, B. and Ray, A. .. 12, 220 
Anantakrishnan, S. V. (Rev.) 371 Chatterjee, D. 
Ananthakrishnan, T. N. 225 Chaudhari, B. B. 
Aravamudan, G. and Krishnaswami, K. R. 287 Chiddarwar, P. P. >. aa 
A. R. (Rev.) 271 Chiranjeebi, A.—see also Patnaik, 
Asija, G. L. and Subbiah, B. v. -. 259 Chitale, A. G. ve ~ ae 
Asundi, R. K. and Joshi, B. D. .- 150 Chona, B. L. and Kapoor, Py N. -. 373 


Aswatha Narayana, N. V. C. P. G. (Rev.) 


Bakr AHMED, M. and Magdi Tewfik .. 192 Datat, (Miss) S. R. e -- 220 
Balakrishnan Nair, R. and Damodaran, M. (Rev.) 
Oo. N. 361 Daniel, A. 
Banerjee, N R. and Seshadri, T R. .. 143 — and Srinivasan, 
Bap Reddy, D >. 160, 303 Das, P. K. and Patnaik, D. .. 
Barna, D. N. .. 249 Dasgupta, S. RR... 
Baxi, M. B., Sinha and Roy, R. P. .. 268 Datta, R. M. - o< -. 207 
Bhagavan, H. N. and Rajagopalan, R. .. 223 Daya Krishna _ =a 
Bhat, N. R. and Krishnamoorthi, T. .. 297 Desai, M. K.—see also Hegde, R. K. .. 330 
— and Patel, C. T. .. 29 #4«.Desai, M. N. and Trivedi, A. K. M. .. 354 
Bhatia, C. M. and Panigrahi, G . .. 300 Desai, P. J. and Ramakrishnan, C. V. .. 189 
Bhatnagar, A. N. .. i: .. 402 Deshpande, R. B. and Jeswani, L. M, .. 201 
Bhatnagar, G. S..... in .. 100 Dey, D. C.—see also Sanyal, A. K. .. 227 
Bhatt, J.. G. c .. 262 Dhanda, M. R—see also Seth, R. N. .. 92 
Bhatt, V. V.—see sts Patel, M. K. .. 299 Dhillon, H. S—see also Seetharaman, C. 199 
Bhattacharya, A. K. 115 Dhopata, S. G. and Vyas, G. N. .. 856 
Bhattacharya, D. L. and Sereswathy Dikshit, N. N. 
Royan (Miss) . 155 Dnyansagar, V. R. and Tiwari, ce 
Bheemasankara Rao, Ch. end Venkates- Duggal, V. P. (Rev.) 
warlu, V. 328, 357 Dutt, A. K.—see also Shri Ranjan 
Bhide, V. P.—see also Hegde, R. K. .. 330 Dutt, N. L. (Rev.) 136, 172, 340 
G4 116 E. P. G. (Rev.) .. 34 
Borgaonkar, D. S. and Pawar, M. S. 241, 269 Elchidana, D. N. and Sukheshwala, R. N. 411 
Boriah, G. and Govindappa, D. A. -- 403 Ethirajan, A. S. and Rao, J. T. 160 
Borreswara Rao, C. and La Fond, E. C. 77 Eva Mitra ff ww 25 

Bose, J. L. and Shah, R. C. .. . 883 ‘< 
Gainp, V. S. and Mukherji, S. M. -- 


Bowden, S. T. - .. as 


Brahm Prakash .(Rev.) 97, 204, 306, 372 


Ganapathi, K. (Rev.) 


— 


Pace 

Ganapati, P. N. and R. 156 

— and Narasimha Rao, M. V. 360 

Ganguly, J. and Patel, S. M. 216 

Gatha, K, M. and Advani ae M. K. 53 

— and Shah, G. Z. ; 113 

Giri, K. V. (Rev.) ae 67, 135, 373 

— and Pillai, N. C. eC 188 

— and Ramasarma, T. 

Gopalakrishna, K. V. 49 
Gopalakrishnan, V. R.—see also Seetha- 

raman, C. 199 

Gopala Menon, s. 9, 355 

Gopalan, M. R. and Santhappa, 

Gopinath Kartha .. 

Goswami, S. K. .. Ne -. 365 

Govindachari, T. R. (Rev.) .. -. Sl 

Govindan, T. K. .. 

Govindappa, D. A. -- 198 

— and Boriah, G. .. 403 

Govindarajan, V. s. (Rev.) 69 

Gupta, U. S.—see also Sengupta, S. R. 94 

a Gurdip Singh and Mehra, P. N. .. 168 
7s Gurnani, (Miss) S. U.—see also Sahasra- 

budhe, M. B. .. 90 
Gurumani, O. N. and Balakrishnan 

= Nair, R. 361 
Guruswami, M. N—see also Valdya- 

nathan, T. . 119 

J. B. S. 75 

Halleppanavar, N. L. and Kulkarny, H. L. 62 

Harland, S. B. (Rev.) - 69 
Harnath, P. B. V. and Tiruvenganna 

Rao, P. 47, 151, 184, 256 
Hegde, R. K., = V. P. and Desai, 

‘M. K. 330 

Hiregaudar, L. S. .. va 197, 334 

InpIRA, (Miss) M.—see also Sirsi, M. .. 15 

Iswar Dass—see also Mehta, A. C. .. 367 

Iyengar, S. B. D. (Rev.) .. .. 374 

Jain, S. K. 

Jatar, D. P. and Sharma, D. 

Jayaraman, V. S. (Rev.) .. 406 

Jaya Rao, A. M. and Puranik, P. G. .. 153 

Jeswani, L. M. and Deshpande, R. B. .. 201 

Jha, J. N.—see also Sharma, S. L. — | 

Joginder Nath and Swaminathan, M. S. 123 

Johar, D. S. and Lewis, Y. S. -. 335 

John, C. M. and Seshadri, C. R. -- 233 

Johri, B. M. and Ahuja, M. R. -- 162 

Johri, G. N. .. 193 

Johri, M. P. 

Joshi, B. D. and Astindi, R. K. 

Kassari, N. B... 333 


cist Kalapesi, R. M. and Purohit, B. L. .. 400 


AUTHOR [Vol. XXV 


Pace 
Kamala Sohonie and Rajagopal, M. V. .. 327 
Kamat, D. N. and Pishawikar, S. D. .. 263 


K. A. N. (Rev.) .. 
Kapoor, J. N. es 369 
— and Chona, B. L. 


Kar, S. B.—see also Rath, D. N. 304 
Karamchandani, S. J. 
Karkhanavala, M. D. 66, 303 
Katti, M. R. and Tawde, N. ’R. -. 253 
Kausik, S. B. and Raju, M. V. S. -- 206 
Khan, M.Q.—see also Rao, A. S. -- 266 
—see also Sastry, S. K. am -. 295 
Khandelwal, D. P. and Pant, D. D. -. 255 
Khanna, K. L.—see also Srivastava, D. P. 302 
—see also Subba Rao, M. S. .. 159, 265 
—see also Wakhlee, J. .. 265 
Khanolkar, V. R.—see also Panse, T. B. 261 


— (Rev.) -- 407 
Kharkar, D. P. end Patel, C. Cc. P 56 
Khoshoo, T. 
Khosla, B. H. | 
Khurchandani, P. G. me 285, 323 
Kothari, D. S. 
Kothari, L. S. and Singvi, K. 's. 286 
— and — (Rev.) -- 409 
Krishnamachari, S. L. N. G. 185, 260, 355 
Krishnan, M. (Rev.) = -. 206 
Krishnan, R. S. (Rev.) -- 308 
Krishna Pillai, V. 
Krishnamurthy, K. and Swaminathan, M. 16 
Krishnamurthy, T. and Bhat, N. R. 297 
Krishnamurthy, T. R.—see also Vaidya- 

nathan, T. 
Krishnamurty, V. N. we 
Krishnaswami, K. R. and Aravamudan, G. 287 
— and Srinivasan, V. ¥ 328 
Krishnaswamy, N.—see_ also Raman, 

Vv. S. a 64, 195 
Kshira Sagar, T. V. S. R. and Sarma, 

B. B. G. 
Kulkarni, S. A—see also Pawar, M. S. 269 
Kulkarny, H. L. .. 
— and Halleppanavar, N. L. 62 
Kumta, V. S.—see also Sahasrabudhe, 

M. B. 90 
Kurup, P. A. ‘i 57 
K. V. (Rev.) 133, 203, 405 
LappHA, G. S. (Rev.) 
La Fond, E. C. wa 40 
— and Borreswara Rao, C. .. oe 
Lall, J. M.—see also Seth, R. N. | 
Lewis, Y. S. and Johar, D. S. 325 
Loyal, D. S. and Mehra, P. N. 363 


v 1956] AUTHOR INDEX ii 
PacE Pace 
7 MapHAvVaN Narr, A. P. (Rev.) .. 806 Natarajan, A. T. and Swaminathan, 
3 — and Ibrahim, S. H. ¥ see M. S. os 279, 382 
bs Magdi Tewfik and Bakr Ahmed, M. .. 192 -Nayak, N. A. and Prakash Rao, M. S. 255 
7 Mahadevan, C. and Prasada Rao, R. .. 385 Nayar, KK... Je 192, 275 
9 Mahadevan, V. (Rev.) ss .. 237 Negi, N. S—see also Subba vets M.S... 159 
5 — and Venkatakrishnan, R. .. .. 223 Ninan, C. A. we: .. 161 
4 Mahapatra, G.—see also Patnaik, D. .. 55 
6 Maheshwari, K. L.—see also ane. PapMAvaTHI. P. B. and Seshachar, B. R. 281 
Ss. R. i. 94 Panda, S. and Patnaik, D. .. 
3 Maheshwari, P.. .. 106 Pandalai, K. R. .. 18, 368 
6 Malaviya, B—see also Shri Ranjan .. 228 Pandey, A. 148 
6 Manas, K. Jana and Sen, N. K. .. 231 Panigrahi, G. . -- 230 
5 Mani, G. S. (Rev.) 4 .. 370 — and Bhatia, C. M. 300 
5 Mary Chandy, (Miss) $42  Panse, T. B., Kamat, V. B. and Khanol- 
Mathur, A.C... kar, V. R. 261 
5 Mathur, R.N... .. 3837  Pamse, V. G. (Rev.) 98 
3 Meenakshi, (Miss) V. R. .. 124, 321 Pant, D. D. and Khandelwal, ‘DP... 255 
1 Mehra, P. N. and Gurdip Singh .. 168 Parameswaran, S. -- 250 
7 — and Loyal, D. S. 363 Patel, C. C. and Khankar, D. P. oo. 
6 Mehta, A. C., Ahluwalia, y. K. an Patel, C. T. and Bhat, N. R. .. 29 
5 Ishwardass ; .. 367 Patel, M. K., Bhatt, V. V. and Abhyan- 
1 Menon, T. C. K. and Sugathan, K. K... 85 kar, S. G. 299 
3 Manezes,F. G. T. and S.S. .. 403 — and Srinivasan, mc. 366 
7 Mierzecki, R. ; .. 200  ~—see also Thirumalachar, M. J. 64, 93 
6 Misra, G. and Samantarai, B. 61 Patel, S. M. and Gangul”, 216 
9 Misra, J. N. and vera, P. K. 229 Patil, R. P. (Rev.) -. 373 
5 Mitra, G. N. : .. 401 Patnaik, D., Mahapatra, G. and Chiran- 
6 Mitra, S. N—see also Sanyal, A. K. .. 227 jeebi, A. 55 
8 Moghe, D. N. and Wagh, R. V. .. 83 — and Panda, S. . + 287 
3 Mohd. Samiullah .. ‘ .. 353 — and Das, P. K. -. 337 
6 Moitra, S. K. ; .. 292 Pawar, M. S. and Borgaonkar, D. S. 241, 269 
7 Moniz, L.—see also Thirumalachar, M. J. 64 — Bargaonkar, D. S. and Kulkarni, S. A. 269 
Moosath, S.S... Phadke, 56 
9 — and Rao, M. R. A. .. 14. Phansalkar, S. V. and Ramachandran, M. 260 
9 Mukherji, B. (Rev.) .. 236  #Phatak, S. S. and Menezes, F.G. T. .. 403 
7 Mukerji, D. snd Raychaudhuri, S. .. 60 Pillai, N. C. and Giri, K. V. -- 188 
8 Mukherji, S. M. and Gain, V. S. 336 S. C. (Rev.) 408 
Munshi, M. C. (Rev.) . .. 133 Pillay, K. K. (Rev.) -- 98 
5 Murthy; D. V.—see also Rao, A. S. 266 #%=Pishawikar, S. D. and Kamat, D. N. .. 263 
—see also Sastry, S. K... 295  Poornachandra Rao, C. 
4 Murthy, G. V. L. N.—see also Subba Prabhu, S. S. and Srivastava, ie ere. 
Rao, D. .. 187 Pradhan, S. and Sharma, G. C. 22 
1 Murty, K. S. ; % .. 186 Prakash Rao, M. S. and Nayak, N. A. 255 
2 Muthukrishnan, T. 's. .. 234 Prasad, H. H. and Singh, R. K. on! Se 
M. V. R. and S. M. P. (Rev.) .. 205 Prasad, R. S.—see also Subba Rao, M. S. 265 
i) Myer, Y. P.—see also Singh, D. D. .. 394 Prasada Rao, R. and Mahadevan, C. .. 385 
7 P Puranik, P. G. and Jaya Rao, A. M. .. 153 
5 NAGABHUSHANAN, R. and Ganapati, P. N. 156 puri, B. R.—see also Singh, D. D. .. 395 
Nagaraja Rao, A. -- 128 Purohit, B. L. and Kalapesi, R. M. .. 400 
1 Naik, R. M. and Merchant, J. R. .. 824 Purushothaman, C. R. and Shivananda 
Nair, N. C. 264 Tolpadi, S. .. 392 
Narasimha Rao, D. G. L. 
j — and Radhakrishna Murty, Ch. — RADHAKRISHNA Murty, Cu. and Narasimha 
2 Narasimha Rao, M. V. and Ganapati, P.N. 360 Rao, D. V. G. L. of es 
5 Narayan, V. A. and Vasudeva Murthy, Raghava Rao, Bh. S. V. and Sarma, 
3 A. R. 145 D.V.N, .. 358 


Narayana, Ge & and Rangaswami, S. .. 359 Rajagopal, M. V. and Kamala ‘Sohonie — 


‘ 
4 


iv AUTHOR INDEX 


Rajagopalan, R. and Bhagawan, H. N. .. 

Rajagopalan, V. R. (Rev.) 

Rajan, S. V. 

Rajendranathan Nayar, also 
Valsan, A. P.... 

Raju, M. V. S. and Kausik, S. B. " 

Ramachandran, G. N. (Rev.) 30, 32, 270, 

— and Raman, S. 

Ramachandran, M. and Phansalkar, Ss. v. 

Ram Chandra Rai . 

Ramachandra Rao, B. asi Ramanna, 
K. V. V. 

—and Ramakrishna Raju, M 

Ramachandra L. and Someswere 
Rao, C. és 

Rama Char, T. L. . 

Ramakrishnan, A. (Rev.) rs 

Ramakrishnan, C. V. and Desai, P. J. 

— and Sekhara Varma, T. N. 

Ramakrishnan, K. P. (Rev.) 

Ramakrishna Raju, M. and Ramachandra 
Rao, B. 

Ramana Rao, D. V. 258, 

Ramanadhan, R. and Subrahmanyam, 
V. P. 

Ramanathan, K. R. (Rev.) .. 

Ramanathan, V. S. and Ratnam, C. V. s. 

¥. 
P. S. 

Raman, S. and Ramachandran, 

Raman, V. S., Krishnaswamy, N. and 
Chandrasekharan, P. 64, 

— K. V. V. and Ramachandra 
Rao, B. = 

Rama Rao, L. ; 

Rama Rao, R—see also Sirsi, M. 

— and Sirsi, M. 

Ramaratnam, S.—see also Rath, D. N. 

Ramasarma, T. and Giri, K. V. é 

Ramaseshan, S. and Sivaramakrishnan, V. 

Ramaswami, L. S. 

Ramaswami, T. R.—see also Subba Rao, D. 

Ramji Tiwari 

Ram Udar 

Ramdas, A. 

Ranganathan, S. and Swaminathan, s. . 

Rangaswami, S. and Narayana, C. S. .. 

Rao, A. S., Khan, M. Q. nis eed V. 

Rao, C. R. (Rev.) 4 

Rao, D.—see also Sharma, s. L. 

Rao, H. S. 

Rao, J. T. and Ethirajan, 4 s. 

Rao, M. R. A. and Moosath, S. S. ay 

Rath, D. N., Ramaratnam, S. and Kar, 

Ratnam, C. V. S. and Remenathan, V. s. 

Raut, H. K. 


Ray, A. and Chatterjee, B. .. 
Raychoudhury, S, and Mukerji, 


Sadhu, D. B. and Sailan Mookerjee 
Sahasrabudhe, M. B. (Rev.) 
—, Gurnani, (Miss) S. V. end Kumta, 
V. S. 
Sailen Mookerjee and Sadhu, ‘ae 
Samantarai, B. and Misra, G. os 
Sampooran Singh . at 
Sanghvi, L. D—se also Vyas, 


Sanyal, A. K., "Dey, D. Cc. and Mitra, Ss. N. 

Saraswathi- Devi, (Miss) L.—see also 
Sulochana, (Miss) C. B. .. * 

Saraswathy Royan, (Miss) .. 

— and Bhattacharya, D. L. 

Sarma, B. B. G. and Kshira Sagar, 
R. 

Sarma, D. V. N. ‘and Raghava Rao, 
Bh. S. V. ae 

Sarma, G. P. 

Sarma, P. S. (Rev.) 

68, 170, 205, 307, 341, 372, 

— and Sivaramakrishnan, V. M. 

— and Srinivasan, V. (Rev.) ie 

Sasti, R.L. 

Sastry, S. K., M. and Murthy, 

Saxena, D. B. 23, 87, 

Seetharaman, C., Gopalakrishnan, V. R. 
and Dhillon, H. Ss. 

Sekhara Varma, T. N. and Ramakrishnan, 
¥. 

Sen, N. K. and Manas K. Jana 

— and Roy Tapador, N.N. .. 

Sengupta, S. R., Gupta, U. S. and 
Maheshwari, K. L. . 

Senich Radomir—see also Sukh Dev 

Seshachar, B. R. .. 

— and Padmavathi, P. B. .. 

Seshadri, C. R. and John, C. M. 

Seshadri, T. R. (Rev.) 

— and Banerjee, N. R. 

Seshappa, G. 

Seth, B. R. (Rev.) 

Seth, R. N,, Dhanda, M. R., Chandra- 
sekariah, P. and Lall, J. M. — 


(Vol. XXV 
4 PAGE PAGE 
Sov ea 195 Roy, R. P. and Baxi M. B. Sinha 
ae < Roy Tapador, N. N. and Sen, N. K. .. 125 
396 
296 #SADASIVAN, T. S. (Rev.) 238, 240 
oe 271 —see also Sulochana, (Miss) C. B, .. 301 
ae 260 66 
411 
= 284 
390 61 
50 
393 200 
: 97 387 
96 — (Rev.) 305 
189 — and Gopalan, M. R. 
Ee 395 — and Subramanian, R. V. .. -- 218 
203 149 
227 
390 
337 301 
397 
ae 167 155 
182 54 
377 
360 
195 400 
288 
284 134 
44 
15 
357 295 
215 
19 
187 395 
389 231 
4 222 125 
257 
6 94 
aa 359 118 
266 46 
169 281 
274 233 
241 169 
160 143 
14 121 
182 
152 218 


21 


Se 


Shivananda Tolpadi, S. and Purushotta- 


man, C. R. 392 
Singh, D. D., Puri, B. R. and Myer, Y.1 P. 394 
Singh, K. P. sl 59 
Singh, R. K. and Prasad, H. H. ans Ae 
Singh, R. P. — 
Singvi, K. S. and ‘Kothari, L. Ss. .. 286 
— and — (Rev.) . .. 409 
Sinha, K. L -. 335 
Sirsi, M., Rama Rao, R. and _ Indira, 

—see also Sukh Dev 
— and Rama Rao, R. sae 
Sivarajan, S. R—see also Swami- 

nathan, S. 81 


Sivaramakrishnan, and Ramaseshan, s. 246 
Sivaramakrishnan, V. M. and Sarma, 


P, S. — | 
Shah, G. Z. and Gatha, K. M. —— 
Shah, R. C. and Bose, J. L. -- 383 
Shama Rao, H. K. — 
Sharma, G. C. and Pradhan, 's. ——— 
Sharma, S. C. a -- 120 
Sharma, S. L., Rao, D. and Jha, J. N. 274 
—see also Trivedi, J. P. 

—see also Wakhloo, J. L. .. 265 
Shri Shri Ranjan, Dutt, A. K. and Malaviya, B. 228 
S. M. P. and M, V. R. (Rev.) > 


Somayajulu, V. V. and Subba Rao, N. V. 86 
Someswara Rao, C. and Ramachandra 


Sreenivasan, A. 92 
Sreenivasan, A. and Venhateraman, R. 190, 294 
Srinivasan, K. V. .. — 
Srinivasan, M. C. and Patel, M. K. .. 366 


Srinivasan, N. R. (Rev.) 272, 274, 305 
Srinivasan, V. and Krishnaswamy, K. R. 328 


— and Sarma, P. S. (Rev.) .. .. 134 
Srinivasan, V. V. and Daniel, A. — 
Srinivasa Rao, M. R. ba — 
Srivastava, D. L. (Rev.) ey 

Srivastava, D. P., Chacravarti, A. S. and 
Khanna, K. L. .. 302 
Srivastava, 111 
226 


N. 

Srivastava, V. K. 158 
Subba Rao, D., Murty, G. v. pa N. and 

Ramaswami, T. R. 
Subba Rao, M. S., Negi, N. S. and 

Khanna, K. L. ~ 159 
—, Prasad, R. S. and Khanna, K. L. 265 
Subba Rao, N. V. 396 


1956] AUTHOR INDEX 


Subbiah, B. V. and Asija, G. L. -- 280 
Subrahmanyam, S. V. 51 
Subrahmanyam, V. P. and Rama- 
nadhan, R. | 
Subramaniam, M. K. (Rev.) . 33, 273 


Subramanian, R. V. and Santappa, M. .. 218 
Sugathan, K. K. and Menon, T. C. K. 85 
Sukh Dev, Senich Radomir and Sirsi, M. 118 
Sukheswala, R. N. and Elchidana, D. N. 411 
Sukumaran, P. K.—see also Vyas, G. N. 290 
Sulochana, (Miss) C. B., Sadasivan, T. S. 


and Saraswathi-Devi, (Miss) L. -- 301 
Sundaram, S. and Venkateswarlu, K. .. 354 
Sundara Rao, R. V. G.—see also Swami- 

nathan, S. 81 
Sundara Rao, R. V. G. and "Viewamitra, 

M. A. ; 
Sundara Rao, Y. .. rf 63, 164 
Suresh Singh, Kr. 
Suryanarayana Rao, S. V.—see also 

Valsan, A. P... we 
Swaminathan, M. S. and Natarajan, 

— and Joginder Nath 
Swaminathan, S. .. 
— (Rev.) 
— and Ranganathan, Ss. Aa 6 
—, Sivarajan, S. R. and Sundara Rao, 

TaLwar, S. P. 4 
Tawde, N. R. and Katti, M. R. en 
Tewari, B. S. hf eet 274, 319 
Thangaraj, M. A. (Rev.) os 132 
Thirumalachar, M. J., Ss. G. 

and Patel, M. K. a 
—, Moniz, L. and Patel, M. 
Thosar, B. V. (Rev.) 
Tiruvenganna Rao, P. na Haranath, 

P. B. V. 47, 151, 184, 256 
Tiwari, D. K. and ‘Dnyansager, 
Trivedi, A. K. M. and Desai, M. N. os ae 


Trivedi, J. P., Sharma, S. L., Srivastava, 
R. C. and Alam, M. N. 3 


Upcaonkar, B. M. (Rev.) 
VAIDYANATHAN, T. S., Guruswami, M. N. 


and Krishnamurthy, T. R. 119 
Valsan, A. P., Suryanarayana Rao, Ss. V. 
and Rajendranathan Nayar, M. 396 


Vasudeva Murthy, A. R. and Narayan, 
V_A. 145 
Venkatachala, B. s. 89 
Venkatakrishnan, R. and Mahadevan, v. 223 
Venkata Ram, C. 929 


Pace PaGE 
_| 
61 
50 
90 
87 
05 
16 
18 
49 
27 


Venkataraman, R. and Sreenivasan, A. 190, 294 


SUBJECT INDEX 


Pace 


Venkataraman, S. . 179 
Venkateswarlu, K. and Sundaram, Ss... 354 

Venkateswarlu, V. and Bheemasankara 
Rao, Ch. - 328, 357 
Verma, S. C. pa 398 
Vijayaprasanthan Pillai, K. 362 
Vijayaraghavan, P. K. and Misra, J. N. 229 

Viswamitra, M. A. and Sundara Rao, 
R. V. G. ays 115 
114 


Viswanathiah, M. N. 


Vyas, G. N. and Dhopata, S. G. 
—, Sukumaran, P. K. and Sanghvi, L. D. 


Wacu, R. V. and Moghe, D. N. 


Wakhloo, J. L. Sharma, S. L. and 
Khanna, K. L. .. ‘ 

Wazir, S. N. 

YEGNANARAYANAN IyvER, G. 

Y. N. (Rev.) 


Subject Index 


AssorPTIon Spectrum of Uranyl Nitrate 
in Aqueous Solutions 

Abstract Bibliography of Cotton Breed- 
ing (Rev.) 

Acridines (Rev.) 

Adsorption of CO by Ni: 
Nickel Carbonyl 

— of Iodine on Cellulose from Organic 

Solvents 

Advances in Carbohydrate Chemistry, 
Vol. III (Rev.) .. 

— in Carbohydrate Chemistry, Vol. 

(Rev.) 

— in Enzymology, Vol. XVI (Rev.) 

— in Protein Chemistry, Vol. X (Rev.) 

— in Veterinary Science, Vol. II (Rev.) 

Afferent Branchial Arteries, Arrange- 
ment in Anabas testudineus 

— Branchial Arteries in Mastecembelus 

Agar Electrophoresis of Heemogiobins aid 

Air Bubbles in Wet Mounts, Method for 
-Removing 

Alge and Fungi, Monographs | on 

Alepisauroid eee Reports, 
Vol. 27 (Rev.) .. 

Algal Cultures free trom. 
Micro-Organisms, Method for Obtain- 


Formation of 


Ix 


ing 
Alternaria zinnee Pape in India 
Aluminium Directory, 1955 .. 
— with the Hardness of Steel 
Amperometric Estimation of Germanium 
Anatomical Defects of the Reproductive 

Organs in Cattle in Uttar Pradesh . 
Analogue of Papavarine, Synthesis of . 
Anatomy of the Digestive ber of 

Indian Mantis Sp. : 
Ancient India (Rev.) 


PAGE 


Animal Nutrition (Rev.) a 

Annual Review of Vol. 24 
(Rev.) 

Antibiotics Annual (Rev.) 

— and Cancer (Rev.) ~ 

Antibiotic Principle of Leaves of Witha- 
nia somnifera 

Antibiotics Symposium 

Antiproton, The .. 

Applied Biology (Rev.) - 

Approximate Solution in Einstein’s Field 
Theory of 1953 .. 

Apterous, Brachypterous and Macrop- 
terous Forms, Occurrence in Haplo- 
thrips apicalis ‘Bagnall 

Arachis hypogea Linn. var. Oleifera 
forma erecta Seshadri (Forma nova)— 
A New Groundnut 

Artificial Inoculation of Cotton Plants 


with Macrophomina phaseoli, Tech- 
nique for 
Ascorbic Acid Synthesis in Molds: 
Effect of addition of Fe, Co and 
Ascorbic Acid .. 
— —, Relation to Fusarium Wilt in 
Linseed 


Asian Wild Life Conservation 

Assay Methods of Antibiotics (Rev.) .. 

Associateship Examination, 1956—Insti- 
tution of Chemists (India) 

Atomic Energy Board in U.S.S.R. 

— Structure of Solids, Code for ; 

Auditory Reaction Time as Function of 
Frequency of Single Tone .. 

Aureomycin (Traces) for Food Preserva- 
tion 

—, Nitrite and Ricinoleate : " Effect on 

Red Halophilic Bacteria 
Automatic Rainfall Stations in Japan .. 


[Vol. XXV 


224 
339 


241 
255 
174 


190 
$10 


i 
| Pace 
356 
4 
265 
Pace 
68 
35 
136 
31 
389 
341 
135 
371 225 
237 
87 233 
188 64 
311 189 
32 262 
101 
97 
94 
374 102 
138 173 
375 
291 
262 
% 


AGE 


1956] 


Available Nitrogen in Soils, Procedure 

for Rapid Estimation . 
Award of Research Degree 36, 72, 102, 
174, 208, 242, 276, 311, 344, 376, 


BacrTertaL Red Stripe Disease of Sugar- 
cane Caused by Xanthomonas rubri- 
lineans in Bombay State 5 

Banana Wilt Disease 

Bathythermograms—A n 
Tool 

B-Chromosomes in Panicum coloratum 

Benjamin Franklin—250th Anniversary 

Benthic Organisms of a Fresh-Water 
Fish-Tank 

Benzoin Condensation of Salicyl Aldehyde 

Bhilai Steel Project 

Bibliography of Botany in Western India 

Birbal Sahni Institute of Palzobotany .. 

Bird Navigation (Rev.) 

Blue Peroxy Chromic Acid .. 

Bombay Natural History Society 

Boron Monoxide, Some New Bands of .. 

Botanical Research Institute in Kashmir 

Broken Bonds in Kaolinite 7 

Bromine, New Emission Spectrum in Far 
and Vacuum Ultraviolet .. 

Bulletin of Polish Medical ee and 
Science 


Cajanus cajan Millsp., New Mutation in 

Calcium Oxalate Crystals as Index of 
Nutrient Uptake in Tea Plant ‘i 

Cancer, Control of . 

Carotenoid in Pila virens (Lamarck) <a 

Carp Fry, Mortality due to Infection by 
a Parasite Ciliate 

Cassia tora Linn. Isolation of Three Crys- 
talline Substances from Seeds of 

Cell Growth, Study of 

Centranthera humifusa as Hemi-Roo’ 
Parasite 

Cercospora, New Species on an Economic 
Host 

Ceric Acetate, Preparation in Anhydrous 
State, and its Photo and Thermal 
Decompositions 

Cestodes of Whales and Dolphins trom 
the Discovery Collection—Discovery 
Reports, Vol. 27 (Rev.) .. 

Chemical Applications of Spectroscopy 
(Rev.) 

— Engineering (Rev.) 3 
— Industry in Europe (Rev.) 

Chemical Components of Pods of Teph- 
rosia purpurea var. Maxima Baker . 


Effect of Gene Mutation .. 


Oceanographic 


Pace 


SUBJECT INDEX 


Chemistry at Poona University 

— of Ferrocene and Related Compounds 

Chromatographic Behaviour of Some 
Cations 

Chromosome Botany (Rev.) 

Chromosome Breakage Induced by Vege- 
table Oils and Edible Fats . 

— Number of a Pigmented Annens 

squamosa L. 

— Number of Man 

Cleome monophylla, New Bacterial Leat- 
Spot on 

Coarse Grating, Use | in Finding the Wave- 
length of H. F. Sound Waves in a 
Liquid 

Cocculus hirsutus (Linn.) Diels., Chemi- 
cal Investigation of 

Coal Carbonization 

Coimbatore Canes in Cultivation (Rev.) 

Colonel Amir Chand Trust Prizes for 
Medical Research 

Colorimetric Method for Estimation of 
Butylated Hydroxyanisole in Fats 

Colour as a Factor Influencing the Set- 
tlement of Barnacles 

Common Cultivated Crops of South India 
(Rev.) 

Comparative Flowerweight in Common 
Jasmines 

Condition Factor ‘Gn Some ’ Fishes of 
Lucknow, U.P. .. 

Congress on Theoretical and Applied 
Mechanics, Second ea 311, 

Copper Ethyl Sulphate, Unit Cell Dimen- 
sions and Space Group of 

Corchorus e@stuans L. (= Corchorus 
acutangulus Lamk.), Occurrence of 

Corday-Morgan Commonwealth Fellow- 
ship 

Corona Theorem for Air under L. F. 
Discharge Using a Maze Counter... 

Correlation between Conductivity, Swel- 
ling and Shrinkage Properties of 
Ceramic Clays 

Cosmic Ray Activity, February 22, 1956 

Corynebacterium renale, Occurrence in 
Goats 

CO, Evolution in Ensilage a 

Chrome Tanning Industry and Tanning 
Processes F 

Chromosome Number of 
cinerascens 

Crystalline Components: of Certain Indian 
Pines 

Crystallography, Symposium on 

Currents in Biochemical Research (Rev.) 


Sesbania 


93 


355 
324 
412 
407 
174 

16 

21 
340 
100 
292 
351 

81 
207 
344 
324 
115 
207 


92 
223 


72 
241 


367 
141 


406 


XV | vii 
AGE | Pace 
356 276 
90 259 6 : 
138, 
83 412 218 
372 
65 
48 I 330 382 : 
4 101 269 
39 40 322 
123 
74 = 
158 
56 
183 
275 
71 208 
206 
68 411 
05 36 
66 253 
57 
35 
39 
36 256 
39 412 
333 
25 249 
43 
124 
33 
126 
359 
35 
9 274 
267 
7 
287 
2 
1 99 
5 308 i 
272 
171 
208 


Cytology and Anatomy of Hypodematium 
crenatum (Forsk.) Kuhn., Some Obser- 
vations on ug 

— of Gloriosa . 

— of India Gleicheniaceze 

— of Ophioglossaceze 

— of Ophioglossum 

Cytoplasmic Details of Yeast Revealed 
by Electron Microscope 


Das, Pror. B. M. (Obituary) 

Deep Ocean Currents, Measurement of 

Diamond as a  Pin-Point Radiation 
Counter 

— Tool industry in 1955 (Rev.) 

Dielectric Behaviour of Mixture of Polar 
Gases at Microwave Frequencies - 

— Properties of Ethyl Acetate in Ultra 

H. F. Region 

Diffraction Method (New) for Measuring 
Ultrasonic Velocities in Liquids 

Digestive Enzymes of Martesia striata 
Linn. 

Dilutors for Buffalo "Semen 

Dipole Moment and Relaxation Time in 
the 3cm. Region, Determination of .. 

— Moments of Ethylene Chloro- and 

Bromo-Hydrins 

Direct Solar and Diffuse Sky Radiation 
during Solar Eclipse, Observations on 

Disposal of Sewage (Rev.) .. 

Dominant (Twin-Bolled) ‘Cluster’ in Hir- 
sutum Cotton... 

Duel Jr., Harry James (Obituary) 

Dykes in Deep-Silted Swamps, 
Technique for Construction of 


Eprrortrats: Atomic Energy 
ment in India... 
: Genetic Effects of Radiation A 
: India’s Resources in Atomic Minerals 
: Mineral Resources and Their Prob- 
lems 
: Problem of Domestic Fuel 
—: Prof. S. Chandrasekhar as Astro- 
physicist a 
: Progress of Fisheries Development 
in India 
: Quantum Theory and Crystal Physics 
: Scientific Value of Artificial Satel- 
lites 
: Training and " Research “fn Applied 
Mathematics 
: Utilisation of Solar Energy 
: World Resources of Energy : 
Efferent Branchial Arteries of Anabas 
testudineus and Ophicephalus striatus, 


New 


SUBJECT INDEX 


Pace 


175 


Eimeria, New Species from a Cow-Calf 
in Bombay State 

Elastic Constants of Thallium Alum .. 

— Scattering of 90Mev. Neutrons by 

Copper 

Electronic Computer 
Research 

Embryology of th Retros- 
pect and Prospect 

Embryo Sac Haustoria in Cassytha fi 
formis Linn. re 

Emission Bands of Benzonitrile 

— Spectrum (New) of Iodine in the Far 
and Vacuum Ultraviolet 

Endeavour Prizes 

Endemic Fluorosis 

Endosperm Development ond Nuclear 
Polyembryony in Aegle marmelos 
Correa 

Energy Release in | Atmombars at High 
Altitudes 5 

Equation of State of Zinc from Thermal 
Data 

Equilibrium Configurations "et Oblate 
Fluid Spheroids under the Influence of 
Magnetic Field .. 

Eriophyid Mite on Sugarcane | in S. India 

Ethyl Malonate as Inhibitor for Termite 
Cellulase 

Euphauseacea of the Benguela Current— 
Discovery Reports, Vol. 27 (Rev.) 

Evolvine, Preliminary Note on Pharmaco- 

Expanding Universe 137, 

Experiments with Weightlessness 


in Scientific 


FAO Fisuerres Officer for Asia and the 
Far East 

Fast Neutron Radiation ond Localised 
Chromosome Breakage 

Fermentation Process for Production of 
Quality Fish Meal 

Ferric Ammonium Paramolybdate 5 

First Congress on Theoretical and 
Applied Mechanics 

Fishing Gear Congress 

—, Scientific Aid to 

5 : 7-Dibromo-8-quinolinol Complex of 
Molybdenum an 

Foot and Mouth Diseases ‘of Cattle, 
Immunisation with Crystal Violet Vac- 
cine 

Force Constants of Some Radicals of 
XF, Type 

Forecasting Heavy Rainfall in Malabar, 
S. Kanara and ‘Travancore-Cochin 
during June and July... 


[Vol. XXV 


Pace 


197 
363 51 
ae 168 113 
161 
398 104 
ae 155 106 
352 
401 
150 
212 
151 
111 
ad 162 
130 
156 
167 
119 
278 
277 174 
sll 243 
1 293 
; 73 
139 3 
377 
345 
103 199 
313 ase 
Similarity of .. 997 835 


1956] 


Foreseéable Future (Rev.) .. 
Fossil Holothurian Sclerites (Rev.) 


4-Acetomethyl Coumarin Derivatives, 
Synthesis of 

‘Frontoparietal’ Bone in Arua (Amphi- 
bia) 


Freezing Points of. Adsorbate ‘Liquids 
Fungal Infections (Two) of Hevea Seeds 
y-(3-Indolyl)-n-butyric Acid on Leaf 
Movement of Mimosa pudica Linn. in 
Diffused Daylight and Artificial Light 


GAMETOPHYTE (Female), Development in 
Biophytum sensitivum (L.) DC 

Geological, Mining and ence 
Society of India 

Germination of Turions in Hydrita 
verticillata Presl. 

Gift of Rare Australian Specimens ps 

Gigantocotyle explanatum (Paramphisto- 
matidz Trematoda), Effect of Tem- 
perature on Development of Miracidia 

Globidium leuckarti (Flesch) from a 
Horse in India os wt 

Glutathione (Rev.) 

Glycine Soja Agglutins, Nature of se 

Glycolytic Enzymes in Phaseolus radiatus 
(Greengram) 

Gondwanaland, Some Problems of 

Gravitaticnal Field of Distant Rotating 
Masses 

Growth Factors in " Culture ‘Filtrates of 
Fusaria, Detection of 5 

Growth of Sand Bar North of Godavari 
Confluence 

H2MAGGLUTININS, Occurrence in Calf 
Vaccine Lymph 

Half-Wave Potentials 
Characteristics 

Halogen-Ion Concentration, Effect on 
Milk Coagulation by Pepsin 

Heat and Specific Heat of Mixing of Hes 
and Solutions 

Hemicyclia travancorica Bourd, Correct 
Name of 

Heterocyclic Compounds with Indole 
and Carbazole Systems—Chemistry of 
Heterocyclic Compounds, Vol. VIII 
(Rev.) 

Heterosporium Disease of Garden Nastur- 
tium, Occurrence in India 

Hexachloroceric Acid, Isolation of 

Hexabromide Test (Modified) for Detec- 
tion of Linseed and other Highly Un- 
saturated Oils in Mustard Oil =, 


and Atomic 


Pace 


403 


112 


133 


14 


SUBJECT 1NDEX 


1X 
High Energy Nuclear Physics (Rev.) .. 131 
— Polymers—Polymer Processes (Rev.) 305 
— Vacuum Technique (Rev.) 66 
Histidine, Conversion to Urocanic Acid 
in Germinating Seeds on 288 
Histopathology of aoe Kidney, 
Studies on —— | 
Hinshelwood, Sir Cyril 80 
Hora, Dr. S. L. (Obituary) 
Hormones, Effect on Germination in 
Loquat Pollan 27 
Humidity (Rev.) 
Huttonite and Monazite, Syntheses of .. 166 
Hydraulics Research at Kharagpur 310 
Hydrogen Ions, Vol. I (Rev.) 97 
IBr AND ICL, New Emission Spectra of 184 
LF. Electric Discharge, Influence of Light 
Intensity on Characteristics of Non- 
Self-Maintained Region .. 
Illite, Behaviour on Repeated Salt 
Treatment and Desaturations - 220 
Illustrations for Prepara- 
tion of 
Indian Botanical Society 36 
— Fungi, List of .. 344 
— Pharmaceutical Congress, ‘9th 421 
— Phytopathological Society 
— Society for the History of Science .. 72 
— Science Congress, 1957 yd 8 
— Soils, Survey and Classification of .. 79 
India’s First Atomic Reactor 245 
— Mineral Wealth (Rev.) -. 30 
Indo-Canadian Technical Co-operation 275 
Infectious Hepatitis, Treatment of 105 
Inference in Time Series... 80 
Infrared Spectrum of Ortho-fuorobromo- 
benzene 355 
Inorganic Nitrogen Metabolism (Rev.) 238 
Institution of Telecommunication Engi- 
neers, India RS 72, 376 
Intensity of Raman Lines in ‘Spectra of 
Pyridine in Acetic Acid . 200 
Internal Frames and Form of an Equa- 
tion of State of Thermodynamic Sys- 
International Atomic Energy Agency 178, 352 
— — — Course for Management 35 
— Cloud Atlas np 342 
— Conference on Tuberculosis, 14th 343 
— Congress on Cybernetics .. 173 
— — on Rheumatic Diseases, 9th 275 
— Dairy Congress, 14th 102 
— Geological Congress, 20th 318 
— Review of Cytology, Vol. III (Rev.) 33 
or, Vol. IV (Rev. ) ** 273 


‘Vv 
GE 
839 
333 
3 
19 
394 
157 
6 
1 228 
0 
7 
5 71 
25 
2 242 
) 
93 
334 
170 
116 
215 
) 44 
83 
| 329 
385 
289 
358 
263 
|| 
208 
|| 
369 
|_| 
227 


Intertrappean Fossil from near Bombay 

Interspecific Hybrid of Grain Sorghum 
and Johnson Grass : S. halepense 
(2n=20)xS. roxburghiti (2n= 20) 

Intra-nuclear Neurosecretory Matter in 
Tadpoles of Rana hexadactyla Lesson, 
Occurrence of .. 

Introduction to Atomic and Nuclear 
Physics (Rev.) .. 

— to Reactor Physics (Rev.) 

—to Theoretical Organic 

(Rev.) 

Ion Pair Ferric Oxalate as ‘Initiator in 
Vinyl Polymerizations 

Iphita limbata Stal, Effect of Extirpation 
of Cells on Metamor- 
phosis of 

Iron Chlorosis in " Young Pear Trees, 
Treatment 

—, Estimation by 

—, New Reagent for Gravimetric Esti- 

mation of .. 

— Ores of India (Rev.) 7 

Isolation of a Steroid Fraction from 
Inflammatory Exudate 

— of Invertebrate Hormones 

Isotopes and Isobars in Alpha and Beta 
Decay, Variation of Number of - 

Isotopic Gas — for Biochemists 
(Rev.) 


Johnius hololepidotus 
Occurrence in Indian Waters 


from Sindhuvealli Mines, 


K2MMERERITE 

Mysore District sie 
Kalinga Prize Award to Prof. ‘Gamow 
Kashmir Lignite, Utilization Possibilities 


Krishnan, Dr. K. S. 
Kittada coimbatorensis Gen. ‘a Sp. Nov. 
—New Genus of Indian Itonidide 


Lapy Tata Scholarships and Grants for 
1956-57 5, 

Law and the Engineer (Rev.) 

Lesion (Unusual) in Subentis of a Fowl 
due to the Fungus of Aspergillus sp. 

Lignite Material, Occurrence in Godavari 
Delta ys 

Lipochromes of Gyrostoma Sp.—Sea 


MACERATION AND BLEACHING Osmium 


Blackening in Root Tips of Oryza, 
Combined Technique for .. 
Macrocephalus (so-called) Beds of Kutch 


SUBJECT INDEX 


Pace 


411 


195 


327 


191 
8&4 


Macronuclear Reorganisation in Diophrys 
appendiculata (Ciliata hypotricha) 

Madras University Prizes 4 

Crystals by Hydrothermal 


Magnetic 

Method 

— Measurements par" Biological Sub- 
stances 

— Refrigerator 


Making Atoms Visible 

Mass Spectrometer Researches (Rev.) .. 

Mahadevan, Prof. C. = 

Male Sterile Mutant in N. tabacum a 

Marine Bacteria, New Species Tolerating 
High Concentration of Copper ae 

Mechanical Testing and Inspection of 
Engineering Materials (Rev.) 

Megaspores in Coal from South Rewa 
Gondwana Basin, Occurrence of : 

Meiotic Studies in Adiantum 
Klotz. 

Mermethid Worm Parasite, Occurrence on 
Helopeltis theivora Water-house 

Merril, Dr. E. D. (Obituary) 

Metabolic Meiotic Irregularities in 
Cyclosorus repandulus (v.A.v.R.) Ching 

Metamict Hematite 

Methods in Enzymology, Vol. 1 (Rev.) 

— — —, Vol. 2 (Rev.) ae 

— of Biochemical Analysis, Vol. 3 (Rev.) 

Methyl Bromide as Plant Fumigant 

— Ethyl Ketone Peroxide as Initiator in 
Vinyl Polymerization és 

Microfilm and Photoscopy Service 

Microscope Slides, Duty on .. 

Microscopy of Ceramics and Cements 
(Rev.) 

Microsporogenesis ‘of Fimbristylis quin- 
quangularis Kunth. 

Mineral Beneficiation and Extractive 
Metallurgical Techniques 

Miniature Batteries for Scientific Appe- 
ratus .. 

Mixed Nitrogen Phosphorus Fertilizer é 

Molecular Fragments, Storing 

Morphology of Sucking Pump of Papilio 
demoleus Linn. (Lepidoptera) é 

Multiple Spot Phenomenon in Inorganic 
Circular Paper 

Multi-Purpose Food 

— Particle Accelerator 

Mutation Rates Produced by High Energy 
Events in Mammals, Estimation of . 

Mycophagous Insects (Some) and Their 
Parasites Associated with Sugarcane .. 

Mysidacea—Discovery Reports, Vol. 28 
(Rev.) 


[Vol. XXV 


Pace 


360 
138 


343 
pee 362 241 
207 
132 100 
30 206 
276 
70 297 
218 92 
192 
365 
192 
a 55 268 
aa 59 60 
272 252 
20 20 
275 303 
67 
152 373 
311 
114 
347 271 
Kerosene, High Quality .. 242 
202 311 
129 411 
101 
181 343 
226 
145 
207 
= 100 
Anemones 
332 


eu ew 


1956] 


N: N’-DIALKYLETHYLENE Diamine Salts 
of Penicillin G 

National Institute of Sciences of India . 

Near-Ultraviolet. Absorption Spectra of 
Certain Substituted Heterocyclic Com- 
pounds 

Nematode Galls on a Gress, Dicanthium 
annulatum 

Neurosecretory Cells in Calotes versicolor 

— Pathways in Calotes versicolor os 

Neutrons, Slowing Down in Be from 
1-44ev. to Thermal Energy 

New Transistor for Very High Prequen> 
cies .. 

Niels Bohr and ‘the Development of 
Physics (Rev.) .. 

Nobel Award for Chemistry, 1956 

— — for Physics, 1956 F 

Nodal Galls, Occurrence in Sugarcane .. 

Non-Ferrous Metal Industry in Europe 
(Rev.) 

Normal Ceric Hydroxide, Preparation of 

NSF Institutes for Science and Mathe- 
matics Teachers 

Nuclear and Jet Power, New "Metals for 

Nuclear Reactors, Catalogue of 

— Research, Advanced Training in... 

— Scattering of High Energy Electrons 

by Light Elements 

— Science and Engineering .. 

Nutgrass, and Antibacterial 
Activity of 

Nutrition Research Laboratories (Rev.) 

O-AMINOPHENOL, Condensation from 
Aromatic Aldehydes 

Optical Behaviour of Iridescent Sodium 
Nitrate Crystals . 

Organic Insecticides—Their 
and Mode of Action (Rev.) 

Organo-Mercurial Fungicide 
Treatment for Sugarcane .. 

Origins of Resistance to Toxic Agents 
(Rev.) 

Overthrust Structure 
Debipur, W. Bengal 


Chemistry 
as Sett 


(Large) Near 


PaPerR CHROMATOGRAPHIC Technique to 
Detect Organic Acids in Citrus Plant 
Tissues (Citrus acida) 

Particle Size Determination (Rev.) 

Peaceful Uses of Atomic Energy 

India and the United 

Kingdom 

Classification and Electronic 


Periodic 


Gonfiguration of Elements 


PAGE 


SUBJECT INDEX 


Permeability of Vitelline Membrane of 
Trout-Egg 

Peroxy Titanium Oxalate és 

Perspectives and Horizons in Micro- 
biology (Rev.) 

Phalacrus immarginatus Champ. (Black 
Beetle), Record of Feeding on Sugar- 
cane Smut 

— — — (Coleoptera, Phacridz), Far- 

lier Record of 

Phaseolus trilobus, New Bacteriai Leaf- 
Spot on 

Photometry of Telescopes ond Binoculars 

Photoperiodic Behaviour of Thailand, a 
Philippanese Variety of Rice : 

Physics and Chemistry of Solids 

Physics of Fibres (Rev.) a 

Physiology of Hibernation of Pila virens 
(Lamarck) 

Placentation in Melia azadirachta Lina. 
(Azadirachta indica Juss) J 

Plasma a-amino-n-butyric acid in 
Health and Disease : 

Pectropoma maculatum Bloch in Indian 
Sea... 

Pleiotropy, A Cite | in 

Plutonium, Utilization of : 

Polymyxin, Neomycin and Bacitracin 
(Rev.) 

Polyovular Pollicles in Semmopithecus 
entellus, Peculiar Mode of Origin of .. 

Polyploidy in Allamanda 

Pongamol, Some Reactions of 

Post-Notal Plates of Insects, New Stage 
in Evolution of ‘ 

Power Reactors—Peaceful Uses of Atomic 
Energy, Vol. 3 (Rev.) a 

Practical Solution of Torsional Vibration 
Problems (Rev.) 

Pre-Natal Diagnosis of Sex .. 

Primary Cosmic Radiation .. 

Principles and Practice of Field Experi- 
mentation (Rev.) 

Prize for Essay on Relativity 

Prodecatoma pongamic Mani and Kurian 
(Hymenoptera-F a m. Eurytomide), 
Life-History and Host-Range of 

Production Functions for 
Establishments .. 

— Technology of Materials | Used tor 
Nuclear Energy—Peaceful Uses of 
Atomic Energy, Vol. 8 (Rev.) 

Progress in Nuclear Energy, Vol. I (Rev.) 

Progress in Nuclear Physics, Vol. IV 
(Rev.) 


xi 


Pace 


0 356 
36 
56 
69 
149 
303 
18 
368 
286 
276 
100 
61 
270 
271 
388 
321 
274 
14 
224 
208 | 
173 
201 
310 
= 204 
72 
118 24 
125 
205 
| 2 
86 127 
257 370 
339 
169 
159 42 
| 310 
304 
| 62 
j 
395 148 
97 
41 
370 
408 


SUBJECT INDEX 
PaGE 
Proteins, The Chemistry, Biologigcal Relativity for the Layman (Rev.) is 

Activity and Methods of, Vol. II (Rev.) 32 Respiration in Diencephalic Cats, Effect 
Pseudomonas tuticorinensis N. Sp.—A of Frontal Section through Hypothal- 

Marine Denitrifying Bacterium -. 294 mus on 
Pseudonapomyza atra on Maize Leaves 160 Riccia discolor L. ‘& i, Some Observa- 
— — Meigen (?) on Paddy .. 266 tions on es 
Pulses, Absence of True Vitamin Bis Riccia, Two Species New to ‘India 

Activity or 260 Rocket Flight round the Moon 
Pyrilla, Mode of Feeding of .. 265 Role of History of Science .. 

Pythium catenulatum Mathews, caus- Rothamsted Experimental Station Report, 

ing Sugarcane Seedling Root Rot 299 1954 (Rev.) i 

Royal Institute of Chemistry N. India 
QuauitTaTive Organic Analysis and Section 
Scientific Method (Rev.) 341 Royal Society end Nuffield Foundation 
Commonwealth Bursaries Scheme... 
RaproacTive Cobalt, New Use for 241 Russian Periodicals, Standard Transla- 
Radiation Hazards, Genetics eda tions of 

Resolution on in 375 
— Problems, Studies on ..181 Saccharum spontaneum Linn., Relation- 
Radioactive Materials, Value to Dairymen 174 ship between cteseeiiies Age and 
— Tracers, Use in the Study of Plant Height 

Physiology 34 Saha, Prof. M. N. (Obituary) 
— Yttrium in the ‘Trestment of Cancer 208 Sampurnanand (Dr.) Prize .. 
Rain-Making: Its Present Position and Salt in Rajasthan, Origin of ab 

Future Possibilities (Rev.) 67 Sand Sorting on East Coast Beaches . 
Raman Spectrum of Satellite Programme of the U.S.A. 

benzene 260 Scattering and Diffraction of Radio 
— — of o-fluorobromobenzene 185 Waves (Rev.) .. 

— — of p-tolyl Isothiocyanate 153. = Scilla hohenackeri Fisch. and Mey. be Fur- 

Ramdas, Dr. L. A. 283 ther Studies on 

Rana tigrina Daud., Some Abnormalities — indica Baker, Development of Endo- 
in Venous System nips 120 sperm in : ¢ 

Raptakos Fellowships for Medical — — in India 

Research R . 36, 208, 242 Scintillation Counter for Human Subjects 
Rare-Earths: Polarographic Behaviour Sedimentary Environments off Kalinga- 

and Electronic Configurations 358 patam—Gopalpur Coast by Coarse- 
Rauwolfia Alkaloids, Effect on Some Fraction Studies 

Endocrine Functions 15 Selenium dioxide Dehydrogenation of 
— —, Use in Avian Malaria (P. gali- Flavonones, Mechanism of 

naceum) ‘ 357 Senga lucknowensis, New Cestode from 
— for Research 35 Mastacembellus armatus Lacep. 
Raw Hides and Skine—Curing and Pre- Sex Mechanism in Dysdercus (Pyrrho- 
servation, Symposium on .. 412 coridz-Heteroptera) 
R.B.C. Count and Altitude, Relation Shipworm (New) from Tondi, S. India 
between 186 Shorea robusta Gaertn., Life-History of 
Reactere—Fregress in Nuclear Energy Shrimp Ground along Indian West Coast 

Series, Vol. 2 (Rev.) - 374 Silver Jubilee Souvenir, 1955, Society of 
Reactor Technology and Chemical Pro- Biological Chemists (Rev.) 

cessing—Peaceful Uses of Atomic Sickle-Cell Trait in Some Tribes of 

Energy, Vol. 9 (Rev.) 370 Western India .. 

Recent Progress in Hormone Research, Silicon Powder Rectifier : 

Vol. XI (Rev.) -. 134 Simultaneous Signal Strength Measure- 
Reduced Temperature Scales 82 ments on Continuous and Pulsed Radio 
Reduction with Complex Metal Hydrides Wave Transmissions reflected from 

(Rev.) 203 Ionosphere 
Regional Research Laboratory, Hyderabad 173. +6-Hydroxy Flavonols, Synthesis by Algar 
Relative Merits of Soil Conditioners .. 102 § Flynn Reaction 7 7 


[Vol. XXV 


PaGcE 


31 


17 


|_| 
89 
375 
172 
376 
310 
89 
315 
208 
77 
45 
63 
198 
164 
71 
154 
143 
193 
361 
128 
207 
205 
100 
ab 
398 


1956] 


Solar Electric Station, World’s First 

Solubility Apparatus, Efficient 

Some Beautiful Indian Climbers and 
Shrubs (Rev.) 

— — -— Trees (Rev.) ; 

— Extinct Elephants, Their Relatives and 

the Two Living Species (Rev.) 

Sorghum nitidum Pers., Studies on 

Sources of Eddington’s Philosophy (Rev.) 

South Arcot Lignite Char, Utilization as 
Domestic Fuel .. 

Southern Languages Book Trust 

Soviet Journal of Atomic Energy 

— Union, University Research in 

Spiroclypeus from Kutch, W. India 

Spermatagonial Chromosomes of Riopa 
punciata (Gmelin ‘ 

Spontaneous Autotetraploid "Gram, A 
(Cicer arietinum L.) we 

— Variegated Chimera in Dianthus 

chinensis L. 

Static and Dynamic Electron Optics 
(Rev.) 

— Electricity by Radioactive Substances, 
Elimination of 
Statistical Methods for 

Workers (Rev.) 
Steels for the User (Rev.) .. 
Steel Targets attacked by senseaaneel with 
Lined Cavities . 
Steroids in Human Smegma 
Streptomycin, Manufacture of 
Stress-Optic Dispersion in Glasses 
Structure Analysis of Non-Centrosym- 
metric Crystals, New Method for 
— Pattern of Certain Granitic Bodies 
from Mysore on 
— Reports, Vol. 9 (Rev.) .. 
Sugarcane, Response to Sulphanilamide 
Sulphur Deposit in Rup-Ganga 
Sutherland, Prof. G. B. B. .. 
Synchronous Macronuclear Divisions in 
Multimicronucleate Ciliates 
Synthetic Drugs (Rev.) 
— Hormone, New 


‘Agricultural 


Tamarindus indica Linn. (Red Tamarind), 


Characterization of Pigment in 
Tandem Van de Graaff Generator 
Tartaric Acid, Action on Brass 
Tata Medal Award for Zoology 
Technology of Fish Processing 
Terramycin (Oxytetracycline)—A n ti i- 


biotics Monograph No. 6 (Rev.) ‘ 
Tetralone Chemistry, Some Observa- 
tions on 


Pace 


317 
287 


SUBJECT INDEX 


Tetrazolium Reduction as Index of Spoil- 
age in Cured Fish 

Theoretical Principles of Organic Che- 
mistry (Rev.) 

Thermonuclear Reactions (Controllable) 
by means of Gas Discharges 


Thermostatically-controlled Miniature 
Glass-House as 

Thorium, Strengthening sé 

Time, Choice between Atomic and 


Astronomical Standards... 

Tiny Seed and Pod oo in Cicer 
arietinum 

Tonoplast in Yeast 

Total Body X-Ray Irradiation, Effect on 
the Levels of Tryptophane and Nico- 
tinic Acid in Liver and Kidney of Rats 

Trace Elements in Human and Animal 
Nutrition (Rev.) 

Transactions of the Archseological Society 
of South India (Rev.) 

Transitional Elements of Fe Group, 
Highly Water-Reactive Forms of a 

Treatise on Inorganic Chemistry (Rev.) 

Trifidaphis gossypii Sp. Nov. (Fam. 
Aphidide), New Species of Aphid 
Pest on Cotton in Bombay Karnatak 

Tritium Estimation in Water Samples .. 

Trogoderma granarium Everts 
Control of 

Tropical Vegetation, Study of 

Tuberculosis Vaccines oe 

2, 4-D, Soil Application to increase 
Sugar in Cane .. ‘ ne 


Uttrasonic VELocity in Solids, New 
Method of Measuring 

UNESCO’S First Ten Years .. 

Unit Cell and Space Group of Aluminium 
and Cobalt Acetylacetonates on 

—-— and Space Group of Cheralite . 

_-_-_—- of Cupric Ammonium and 

Potassium Oxalates 


University Teachers, Training of 


Vacuum Valves in Pulse Technique 
(Rev.) 

Variations in Pre-Embryo Development 
in Utricularia coerulea L. .. Age 

Vanaspathi, Stability of Vitamin A in .. 

Vinylogues of /j-di- and 
Synthesis of 

Virus Research (Rev.) . 

Viscosity of Solutions in Mixed Solvents 

Visible Emission Bonds of Clt,, New 
Vibrational Analysis of 


|| xiii 
V 
| Pace 
GE 
| 
238 204 
238 
213 
) 33 
64 301 
131 72 
182 177 
71 
275 330 
343 88 
319 
402 90 
231 341 
300 307 
31 187 
306 
173 
169 21 
236 101 
50 22 
261 71 
275 142 
274 
302 
348 
13 9 
270 384 
265 
274 285 
138 323 
281 115 
236 
32 147 
339 
325 
309 296 
354 403 
71 
137 336 ; 
240 
372 337 
eee 324 47 


xiv 


Pace 


205 
328 


Vitamins, Recent Research on (Rev.) .. 
Vitexin frm Vitex peduncularis Wall . 


Waste Heat from Nuclear Reactors, 
Use of 
Water Requirements of Crops, Apparatus for 
— — of Wheat: Variety Kenphad, 
for Determination of ‘ 
Water-Masses in the Bay of Bengal 
Wind Power Utilization in India 
Wood-Boring Pholads (Two), Occurrence 


SUBJECT INDEX 


(Vol. XXV 


Pace 
XANTHOMONAS, Three Undescribed .Spe- 


Polycrystalline 


cies of 366 
X-Ray Diffraction in 


Materials (Rev.) 


Yeast, Relation between the Nucleus and 


ZonaTE Leaf-Spot Disease of Jowar 
Zoological Society of India 


91-67 Printed at The Bangalore Press, Bangalore City, by C. Vasudeva Rao, Superintendent. 


101 
250 
250 397 
51 
180 
-- 208 
59 
q 
th 
A 
: 
Pe 
— 


j 


